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PREFACE 


In  the  Introduction  to  these  papers  the 
Author  has  given  the  reasons  which  his 
friends  have  urged  for  this  pubhcation  ; 
but  he  cannot  let  this  opportunity  pass 
without  making  an  apology  for  its  imper- 
fections* 

It  was  not  his  original  intention  to  publish 
in  this  manner,  but  to  continue  to  give  dis- 
tinct dissertations,  under  the  auspices  of 
the  Royal  Society,  and  afterwards  to  pub- 
lish engravings  of  the  nervous  system. 


Vi  PREFACE. 


By  this  slower  process,  the  subjects 
might  have  been  taken  up  successively,  and 
might  have  been  more  thoroughly  investi- 
gated ;  but  it  has  become  apparent  to  every 
body  interested  in  anatomical  inquiries, 
that  a  systematic  attempt  has  been  made, 
not  only  to  anticipate  the  future  subjects, 
but  to  assume  whatever  merit  may  belong 
to  these  discussions.  By  thus  snatching  at 
parts,  without  comprehending  the  whole 
system,  a  wrong  notion  has  been  conveyed 
about  it ;  matters  of  fact,  and  conclusions, 
drawn  from  diligent  inquiry,  are  mixed  up 
with  absurd  fancies,  and  a  false  colour  is 
given  to  the  whole. 

The  obvious  remedy  is  the  publication 
of  the  system  ;  but  the  Author  regrets  the 
necessity  of  doing  this,  as  it  was  his  wish 
not  to  place  it  before  the  public  in  an  im- 
perfect state. 


PREFACE.  VU 

The  reader  must  see  that  many  of  the 
subjects  are  capable  of  farther  illustration, 
and  that  the  system  may  be  strengthened 
by  future  inquiry.  Even  during  the  pre- 
sent season,  in  delivering  his  lectures  to  his 
class,  the  Author  has  found  new  facts  and 
suggestions  offering  themselves,  which  he 
could  have  wished  had  been  incorporated 
in  the  present  volume. 


Soho  Square, 
Nov.  12.    1824. 


ERRATA. 

In  Plate  I.  there  is  an  omission  of  one  of  the  cervical  nerves. 
The  reader  is  requested  to  correct  the  following  with  his  pen  :  — 
Page  44.  line  7.  read  «  seven"  for  '*  six.". 


AN  EXPOSITION 

OF   THE 

NATURAL  SYSTEM  OF  THE  NERVES 
OF  THE  HUMAN  BODY. 


A  DESIRE  having  been  very  generally  ex- 
pressed to  see  a  connected  view  of  the  new 
system  of  the  nerves,  the  following  account 
has  been  drawn  up  for  this  purpose.  Some- 
thing of  this  kind  has  indeed  become 
necessary  in  addition  to  the  papers  pub- 
lished by  me  in  the  Philosophical  Transac- 
tions :  for  although  those  dissertations  ex- 
plain some  of  the  remarkable  facts  brought 
out  in  the  course  of  the  investigation,  they 

B 


2S  NATURAL    SYSTEM    OF    THE 

do  not  convey  an  idea  of  the  system  as  I  have 
conceived  it;  nor  display  its  chief  excellence, 
which  is  its  simplicity,  and  the  order  which 
by  means  of  it,  has  been  introduced  into 
the  demonstration  of  the  nerves. 

My  conceptions  of  this  matter  arose  by 
inference  from  the  anatomical  structure; 
so  that  the  few  experiments  which  have 
been  made,  were  directed  only  to  the  veri- 
fication of  the  fundamental  principles  on 
which  the  system  is  founded. 

In  France,  where  an  attempt  has  been 
made  to  deprive  me  of  the  originality  of 
these  discoveries,  experiments  without 
number  and  without  mercy  have  been 
made  on  living  animals  ;  not  under  the 
direction  of  anatomical  knowledge,  or  the 
guidance  of  just  induction,  but  conducted 
with  cruelty  and  indifference,  in  hope  to 
catch  at  some  of  the  accidental  facts  of  a 
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system,   which,  it  is  evident,   the  experi- 
menters did  not  fully  comprehend. 

When  a  subject  like  this  is  investigated 
according  to  the  true  order  and  just  philo- 
sophy, and  the  facts  of  anatomy  strictly  at- 
tended to,  every  experiment  is  decisive; 
and  the  truth  comes  out  so  clear  and  simple, 
that  nothing  can  be  more  satisfactory  either 
to  the  man  of  science  or  to  the  general 
enquirer. 

I  trust  that  it  is  altogether  owing  to 
the  want  of  a  short  and  clear  exposition  of 
this  subject,  that  so  little  has  been  said 
of  a  system  which  introduces  the  student 
with  remarkable  ease  to  a  knowledge  of 
the  nerves  ;  and  which  has  been  crowned 
with  the  discovery  of  so  many  facts  im- 
portant to  the  knowledge  of  the  animal 
economy,  and  to  the  principles  of  the 
healing  art. 

B  2 
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The  view  which  I  have  taken  of  the 
nerves,  has  not  been  the  result  of  hasty 
and  premature  conjecture,  but  of  patient 
investigation.  From  the  first  year  of  my 
dehvering  lectures,  my  demonstrations  of 
the  brain  were  given  in  a  manner  not  then 
common ;  and  to  this  peculiarity  in  the 
manner  in  which  I  looked  on  the  connec- 
tions of  the  brain,  I  trace  the  origin  of 
opinions  different  from  those  hitherto  en- 
tertained. By  the  time  I  began  to  lecture 
in  Windmill  Street,  I  was  enabled  to  follow 
in  my  demonstrations  of  the  nerves  an 
arrangement  which  has  given  a  new  inte- 
rest to  the  subject,  and  which  by  imper- 
ceptible degrees  and  improvements  from 
year  to  year,  during  every  succeeding  course 
of  demonstration,  has  at  length  developed 
the  comprehensive  system  which  I  have 
now  to  present  to  the  reader. 

The  steps  by  which  I  have  cautiously 
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advanced,  have  been  observed  only  by  my 
older  and  more  diligent  pupils ;  who,  be- 
coming interested  in  the  subject,  have  re- 
turned, during  successive  years,  when  this 
subject  was  under  consideration,  to  hear 
how  I  continued  to  prosecute  it.  They 
have  seen  the  system  gradually  developed, 
and  have  heard  me  announcing  the  deside- 
rata as  the  enquiry  proceeded,  and  explain- 
ing the  difficulties  ;  and  they  have  seen 
how  the  points  which  were  in  one  season 
the  most  obscure  have,  by  diligent  investi- 
gation, become  those  of  the  very  highest 
interest  in  succeeding  courses. 

In  the  first  paper  delivered  to  the 
Royal  Society  on  this  subject,  I  have  ex- 
pressed an  opinion,  feebly  in  comparison 
with  what  I  had  it  in  my  power  to  do  when 
the  dissection  of  the  nerves  lay  before  me, 
namely?  that  the  subject  of  the  nerves  was 
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left  by  anatomists  in  extraordinary  con- 
fusion. The  reader  must  have  felt  some- 
thing like  dismay  in  contemplating  the  full 
display  of  the  nerves  of  the  face,  neck, 
and  chest ;  and  this  feeling  is  not  less 
strong  in  turning  to  the  labours  of  Scarpa 
or  of  Walther,  and  surveying  their  beautiful 
plates  of  the  nerves  of  the  thorax.  It  is 
natural  to  ask,  whence  arises  this  extra- 
ordinary confusion  ?  Why  nerves  run  into 
knots  ?  Why  nerves  come  from  different 
sources  to  combine  together  ?  And  why 
organs  are  supplied  with  more  than  one 
cord  of  connection  to  the  brain?  why  have 
some  two,  some  five,  and  some  only  one  ? 

In  the  course  of  these  papers  I  have 
showDj  that  the  great  error  which  has  mis- 
led anatomists  in  their  conceptions  con- 
cerning the  nerves  has  consisted  in  follow- 
ing, though  with  some  license,  the  old 
hypothesis   that   the  nerves  receive  their 
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influence  from  the  brain  and  confer  it  on 
remote  parts  of  the  body,  and  that  they 
are  endowed  with  the  same  powers.  For 
whether  we  look  upon  the  intricacy  of  the 
parts  on  dissection,  or  attempt  to  unravel 
the  mystery  of  sensation,  and  voluntary 
and  involuntary  motion,  performed  by  a 
single  nerve,  there  is  a  complete  discre- 
pancy betwixt  the  fact  and  the  hypothesis, 
and  the  subject  is  left  in  an  unsatisfac- 
tory and  humiliating  state  of  uncertainty. 
The  student  is  dismayed  with  his  task ;  the 
skill  of  the  anatomist  is  baffled ;  and  the  phi- 
losopher, if  he  should  approach  this  subject, 
is  left  without  a  single  fact  relating  to  the 
nerves,  which  can  serve  as  the  foundation 
of  any  legitimate  or  useful  inference. 

In  the  view  which  I  have  taken  of  the 
nerves  of  the  human  body  there  are,  beside 
the  nerves  of  vision,  smell,  and  hearing,  four 
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systems  combined  into  a  whole.  Nerves 
entirely  different  in  function  extend  through 
the  frame;  those  of  sensation  ;  those  of  vo- 
luntary motion;  those  of  respiratorymo- 
tion ;  and  lastly,  nerves  which  from  their 
being  deficient  in  the  qualities  that  distin- 
guish the  three  others,  seem  to  unite  the 
body  into  a  whole,  in  the  performance  of 
the  functions  of  nutrition,  growth,  and 
decay,  and  whatever  is  directly  necessary 
to  animal  existence. 

These  nerves  are  sometimes  separate ; 
sometimes  bound  together;  but  they  do  not, 
in  any  case,  interfere  with  or  partake  of  each 
other's  influence. 


The  figure  represents  a  nerve,  consisting  of  distinct  filaments, 
A  the  nerve  j   B  one  of  the  threads  dissected  out. 
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If  we  take  up  a  nerve  to  examine  it,  we 
find  that  it  consists  of  distinct  filaments ; 
but  there  is  nothing  in  these  filaments  to 
distinguish  them  from  each  other,  or  to 
declare  their  offices.  One  filament  may 
be  for  the  purpose  of  sensation ;  another 
for  muscular  motion ;  a  third  for  combin- 
ing the  muscles  in  the  act  of  respiration. 
But  the  subserviency  of  any  of  all  these 
filaments  to  its  proper  office  must  be 
discovered  by  following  it  out,  and  ob- 
serving its  relations,  and  especially  its 
origin  in  the  brain  and  spinal  marrow. 
In  their  substance  there  is  nothing  particu- 
lar. They  all  seem  equally  to  contain  a 
soft  pulpy  matter  enveloped  in  cellular 
membrane,  and  so  surrounded  with  a  tube 
of  this  membrane  as  to  present  a  continu- 
ous track  of  pulpy  nervous  matter,  from 
the  nearest  extremity  in  the  brain  to  the 
extremity  which  ends  in  a  muscle  or  in 
the  skin. 


Ir 
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Previous  to  the  observations  which  I 
have  made,  such  a  nerve  as  I  have  described 
was  supposed  to  have  all  its  threads  alike ; 
they  were  supposed  to  be  branches  from 
the  same  root,  and  all  capable  of  exciting 
a  muscle  or  conveying  a  sensation. 

The  key  to  the  system  will  be  found  in 
the  simple  proposition,  that  each  filament 
or  track  of  nervous  matter  has  its  peculiar 
endowment,  independently  of  thq  others 
which  are  bound  up  along  with  it ;  and  that 
it  continues  to  have  the  same  endowment 
throughout  its  whole  length.  If  we  select 
a  filament  of  a  nerve,  (for  example,  one  of 
those  in  the  compound  nerve  represented 
above,)  and  if  its  office  be  to  convey  sens- 
ation, that  power  shall  belong  to  it  in  all  its 
course  wherever  it  can  be  traced:  and 
wherever,  in  the  whole  course  of  that  fila- 
ment, whether  it  be  in  the  foot,  leg,  thigh, 
spine,    or    brain,   it   may   be  bruised,    or 
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pricked,  or  injured  in  any  way,  sensation  and 
not  motion  will  result ;  and  the  perception 
arising  from  the  impression  will  be  referred 
to  that  part  of  the  skin  where  the  remote 
extremity  of  the  filament  is  distributed. 

As  the  matter  of  the  nerve  is  every  where 
the  same,  and  the  apparent  difference  is 
only  in  the  manner  in  which  the  fine  cellu- 
lar membrane  forms  the  envelope,  (it  being 
soft  where  the  nerve  is  protected,  hard  and 
cordlike  where  it  is  exposed  or  subject  to 
pressure ;)  I  have  been  desirous  of  having 
some  term  or  terms  which  might  be  appli- 
cable to  the  same  track  of  matter  through  its 
different  stages,  whether  traced  in  one  di- 
rection or  the  other. 

Where  certain  whitish  streaks  of  nervous 
matter  are  discoverable  in  the  substance  of 
the  brain,  we  may  still  use  the  term  Tractus 
as  being  already  an  anatomical  term. 
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Where,  in  any  part,  the  line  of  a  nerve 
is  not  merely  discoverable  by  its  colour/  or 
the  direction  of  its  texture,  but  when  it  is 
raised,  and  exhibits  an  external  convexity 
in  form  of  a  cord,  the  term  Column  or  Rod 
may  be  used. 

Where  they  emerge  in  distinct  threads. 
Funiculi  has  seemed  to  me  a  proper  term  ; 
and  where  these  funiculi  are  projected  in 
combination,  I  use  the  word  Fascis.  Al- 
though we  must  keep  the  term  Nerve^  yet  it 
is,  as  we  may  say,  an  abused  term.  Let  us 
only  distinguish  betwixt  a  simple  and  a  com- 
pound nerve.  A  simple  nerve  is  where  the 
threads  or  funiculi  which  form  its  root 
arise  in  a  line  or  sequence  from  the  brain 
or  spinal  marrow.  A  compound  nerve  is 
where  the  threads  forming  the  roots  arise  in 
double  rows,  and  each  row  from  a  different 
column  or  track  of  nervous  matter ;  for  ex- 
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ample,  the  Ninth  Nerve  is  simple ;  a  Spinal 
Nerve  is  compound. 

A  Nerve,  then,  is  a  cord  composed  of 
nervous  matter  and  cellular  substance  ;  the 
nervous  matter  is  in  distinct  funiculi,  and 
these  funiculi  are  bound  together  in  their 
course  to  the  point  of  distribution  and 
may  possess  properties  quite  dissimilar. 

If  we  were  successfully  to  trace  a  nerv- 
ous cord,  (we  shall  suppose  from  a  muscle 
of  the  fore-arm,)  it  would  be  found  a 
simple  filament,  thread,  or  fimiculus. 
We  should  then  trace  it  into  a  com- 
pound nerve;  perhaps  the  ulnar  nerve; 
which  we  call  compound,  because  there  are 
in  it  filaments  of  motion  and  filaments  of 
sensation  bound  together.  At  the  root  of 
the  axillary  nerve  we  should  trace  it  into 
the  composition  of  a  fascis,  where  it  forms 
the  anterior  root  of  a  spinal  nerve.     Being 
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further  traced,  it  would  merge  in  the  an- 
terior column  of  the  spinal  marrow  ;  and 
traced  into  the  base  of  the  brain,  it  might 
be  followed  as  a  tractus,  a  streak  of  matter 
distinguishable  from  the  surrounding  sub- 
stance, until  it  was  seen  to  disperse  and 
lose  itself  in  the  cineritious  matter  of  the 
cerebrum.  In  all  this  extent,  however 
combined  or  bound  up,  it  constitutes  one 
organ,  and  ministers  to  one  function  the 
direction  of  the  activity  of  a  muscle  of  the 
hand  or  finger.  Even  in  this  respect  its 
operation  is  not  perfectly  simple,  for  while 
it  excites  the  muscle  to  change  its  state, 
which  we  call  its  state  of  contraction  or  of 
relaxation,  it  also  conveys  to  the  sensorium 
a  sense  of  the  condition  of  that  muscle.* 

And  so  if  we  trace  other  fasciculi  or,  rather 
filaments,  whether  they  be  for  the  purpose 

*  This,  it  would  be  easy  to  prove,  is  a  very  important 
consideration  in  studybig  the  organs  of  the  senses. 
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of  sensation  or  of  motion,  each  retains  its 
office  from  one  extremity  to  the  other ;  nor 
is  there  any  communication  betwixt  them, 
or  any  interchange  of  powers,  further  than 
that  a  minute  filament  may  be  found  com- 
bined with  filaments  of  a  different  kind, 
affording  a  new  property  to  the  nerve  thus 
constituted. 


THE  CAUSE  OF  THE  COMPLEXITY  OF  NERVES. 

It  is  the  chief  purpose  of  the  papers 
which  are  here  republished,  to  explain  the 
cause  of  the  seeming  intricacy  of  the  nerves 
of  the  face,  neck,  and  thorax ;  but  inde- 
pendently of  the  complexity  arising  from 
the  causes  afterwards  to  be  explained,  there 
are  these :  —  It  will  be  readily  understood 
that  some  degree  of  irregularity  in  the  dis- 
tribution of  nerves,  must  arise  from  their 
being  compound  nerves ;  but  the  principal 
cause   is   the  necessity  of  arranging  and 
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combining  a  great  many  muscles  in  their 
different  offices.  Wherever  we  trace  nerves 
of  motion  we  find  that,  before  entering 
the  muscles,  they  interchange  branches, 
and  form  an  intricate  mass  of  nerves,  or 
what  is  termed  a  plexus.  This  plexus  is 
intricate  in  proportion  to  the  number  of 
the  muscles  to  be  supplied,  and  the  variety 
of  combinations  into  which  the  muscles 
enter,  while  the  filaments  of  nerves  which 
go  to  the  skin  regularly  diverge  to  their 
destination.  The  nerves  on  the  face, 
and  those  on  the  side  of  the  neck,  form 
plexus ;  but  the  grand  plexus  are  near  the 
origins  of  the  nerves  of  the  upper  and 
lower  extremity.  And  from  the  fin  of  a 
fish  to  the  arm  of  a  man  the  plexus  in- 
creases in  complexity  in  proportion  to  the 
variety  or  extent  of  motions  to  be  perform- 
ed in  the  extremity. 

The  explanation  of  a  plexus  which    I 
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have  offered,  is  founded  on  these  facts ;  viz. 
that  by  the  interchange  of  filaments  the 
combination  among  the  muscles  is  formed  : 
not  only  are  the  classes  of  extensors  and 
flexors  constituted  in  the  plexus,  but  all  the 
varieties  of  combinations  are  there  formed, 
and  the  curious  relations  established  which 
exist  between  opposing  muscles,  or  rather 
between  the  contraction  of  one  class  and  the 
relaxation  of  the  other. 
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THE  SPINAL  MARROW.* 


In  this  view  of  the  nerves  the  internal 
and  radical  distinctions  are  more  insisted 
upon,  than  that  enumeration  of  their  ori- 
gin and  description  of  their  devious  course 
through  the  body  which  have  hitherto  served 

*  I  have  represented  above,  in  a  general  way,  the 
columnar  appearance  of  the  spinal  marrow  at  its  upper 
part ;  that  superior  extremity,  which,  being  traced  out  of 
the  base  of  the  brain,  is  called  medulla  ohlonmta. 
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only  to  confound  the  enquirer.  We  must, 
therefore,  begin  the  description  of  the  sys- 
tem with  that  of  the  spinal  marrow.  It  is  by 
a  right  arrangement  of  matters  which  are 
famiHar,  and  by  attention  to  a  few  remark- 
able and  prominent  facts,  that  the  ground- 
work of  this  system  will  be  best  understood. 

The  spinal  marrow  is  peculiar  to  the  ver- 
tebral animals.  It  will  suffice  for  super- 
ficial observers  to  say,  that  it  must  be  so, 
because  the  spine  is  necessary  to  conceal 
and  protect  the  marrow :  but  there  is 
much  more  than  this  in  the  established  re- 
lationship ;  the  spine  formed  by  vertebrae 
is  necessary  to  such  a  constitution  of  the 
thorax  as  shall  be  capable  of  the  motion 
of  respiration ;  and  the  spinal  marrow  is 
equally  necessary  to  that  form  and  distri- 
bution of  the  nervous  system  which  is  re- 
quired for  associating  and  combining  the 
c  2 
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muscles  of  respiration.  Without  the  ma- 
chinery of  the  spine  and  ribs  the  thorax  and 
abdomen  could  not  rise  and  fall  in  respira- 
tion ;  and  without  the  spinal  marrow  that 
arrangement  of  nerves  would  be  wanting 
which  is  necessary  to  regulate  the  motions 
of  the  trunk  in  respiration.  Thus  the  spinal 
marroWj  the  spine  and  ribs,  and  the  muscles 
of  respiration,  are  essential  to  each  other ; 
as  constituting  the  several  parts  of  a  grand 
design  subservient  to  respiration. 

Different  columns  of  nervous  matter 
combine  to  form  the  spinal  marrow.  Each 
lateral  portion  of  the  spinal  marrow  con- 
sists of  three  tracks  or  columns  ;  one  for 
voluntary  motion,  one  for  sensation,  and 
one  for  the  act  of  respiration.  So  that  the 
spinal  marrow  comprehends  in  all  six  rods, 
intimately  bound  together,  but  distinct  in 
office;  and  the  capital  of  this  compound 
column  is  the  medulla  oblongata. 
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These  six  columns  of  the  spinal  marrow 
are  discoverable  on  looking  to  the  fore  part 
of  that  body ;  but  no  doubt  these  grander 
columns  contain  within  them  subdivisions. 
Thus,  if  we  lift  up  the  medulla  spinalis 
from  the  cerebellum,  and  look  to  it  on  the 
back  part,  we  shall  see  more  numerous 
cords,  the  offices  of  which  will  one  day  be 
discovered. 


The  medulla  oblon  gata,  raised  by  a  thread,  so  as  to  expose  the  posterior 
surface. 

c  3 
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This  view  of  the  constitution  of  the 
spinal  marrow  led  me  to  institute  experi- 
ments, which  were  followed  by  the  disco- 
very of  the  distinct  functions  performed  by 
the  several  roots  of  the  spinal  nerves ;  but 
without  stating  these  experiments  or  their 
results,  we  shall  proceed  with  the  general 
view. 

The  anterior  column  of  each  lateral  divi- 
sion of  the  spinal  marrow  is  for  motion ; 
the  posterior  column  is  for  sensation ;  and 
the  middle  one  is  for  respiration.  The  two 
former  extend  up  into  the  brain,  and  are 
dispersed  or  lost  in  it ;  for  their  functions 
stand  related  to  the  sensorium  :  but  the 
latter  stops  short  in  the  medulla  oblongata, 
being  in  function  independent  of  reason, 
and  capable  of  its  office  independent  of  the 
brain,  or  when  separated  from  it. 
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It  is  the  introduction  of  the  middle  co- 
lumn of  the  three,  viz.  that  for  respiration, 
which  constitutes  the  spinal  marrow,  as  dis- 
tinct from  the  long  central  nerve  of  the 
animals  without  vertebrae,  and  which  is 
attended  with  the  necessity  for  that  form 
of  the  trunk  which  admits  of  the  respira- 
tory motions. 

In  animals  which  do  not  breathe  by  a 
uniform  and  general  motion  of  their  bodies, 
there  is  no  spinal  marrow,  but  only  a  long 
compound  and  ganglionic  nerve,  extending 
through  the  body  for  the  purpose  of  sens- 
ation and  motion.  This  cord  in  those 
creatures  does  not  actuate  the  animal 
machine  with  alternate  dilatation  and  con- 
traction. There  may  be  a  motion  of  some 
part  which  admits  and  expels  air  from  a 
cavity,  or  agitates  the  water,  and  which 
motion   is   subservient  to  oxygenation  of 
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the  blood ;  and  there  may  be  a  nerve 
suppHed  to  that  apparatus  with  sensibiUty 
and  power  suited  to  the  function  thus  to 
be  performed,  and  resembhng  our  par 
vagum  in  office ;  but  there  is  no  regular 
and  corresponding  distribution  of  a  respi- 
ratory system  of  nerves  to  both  sides  of  the 
body,  and  no  arrangement  of  bones  and 
muscles,  for  a  general  and  regular  motion 
of  the  frame  like  that  which  takes  place  in 
vertebral  animals,  and  which  is  necessary 
to  their  mode  of  existence. 
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OF  THE  NERVES  WHICH  ARISE  FROM  THE 
SPINAL  MARROW.— COMPARISON  WITH  THE 
NERVES  OF  THE  ENCEPHALON. 


The  first  conception  which  I  enter- 
tained of  the  true  arrangement  of  the 
nerves,  arose  from  a  comparison  of  the 
nerves  which  take  their  origin  from  the 
brain,  with  those  which  arise  from  the 
spinal  marrow.  The  perfect  regularity  of 
the  latter,  contrasted  with  the  very  great 
irregularity  of  the  former,  naturally  led  to 
an  enquiry  into  the  cause  of  this  difference. 
I  said,  if  the  endowment  of  a  nerve  depend 
on  the  relation  of  its  roots  to  the  columns 
of  the  spinal  marrow  and  base  of  the  brain, 
then  must  the  observation  of  their  roots 
indicate  to  us  their  true  distinctions  and 
their  different  uses. 
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The  spinal  nerves  are  perfectly  regular 
in  origin  and  distribution,  and  are  thirty 
on  each  side.*  Each  nerve  has  two  dis- 
tinct series  of  roots  coming  out  in  packets 
or  fasces,  one  from  the  posterior  column, 
and  one  from  the  anterior  column,  of  the 
spinal  marrow. 


A  B    the  spinal  marrow  seen  laterally  ;     C  the  posterior   roots  of 
spinal  nerve  ;     D  the  anterior  roots  of  the  same  nerve  pinned  out. 


*  The  tenth  nerve  of  the  head,  as  enumerated  by 
Willis,  and  called  suboccipital  from  its  situation,   is  in 
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The  posterior  fascis  is  formed  of  funiculi, 
which  come  out  with  remarkable  abrupt- 
ness from  the  column ;  and  their  roots 
form  a  very  regular  row  or  series  along  the 
sides  of  the  spinal  marrow.  They  seem  at 
once  to  burst  out  from  the  confinement  of 
the  arachnoid  coat.  These  funicuh,  con- 
verging towards  the  foramen  of  the  sheath 
of  the  spinal  marrow,  and  being  collected 
together,  form  a  ganglion.  This  ganglion 
is  not  seen  within  the  sheath  of  the  spinal 
marrow ;  its  seat  is  in  the  part  where  the 
fascis  is  surrounded  and  united  to  the 
sheath,  and  just  before  this  root  of  the 
nerve  joins  the  anterior  one  to  constitute  a 
spinal  nerve. 


constitution  a  spinal  nerve ;  i,  e,  it  has  a  double  root  or 
ganglion  on  its  posterior  root,  and  its  distribution  is 
similar  to  the  spinal  nerves,  quite  unlike  those  of  the 
encephalon, 
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A    the   spinal  marrow   seen  in  front  j      B   a  spina)   nerve ;     C    the 
anterior  root  of  the  spinal  nerve  ;     D   the  ganglion  on  the  posterior  root. 


The  funiculi  of  the  anterior  roots  of 
these  nerves  gather  their  minute  origins 
with  more  irregularity  than  the  posterior ; 
and  from  a  wider  surface. 


The  thirty  nerves  thus  formed  of  two 
distinct  fasciculi,  are  suited  to  perform  all 
the  offices  of  the  trunk  and  limbs.  Is  it,  then, 
by  that  combination  of  properties  which 
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they  acquire  through  their  double  roots,  that 
they  are  capable  of  performing  their  offices? 
And  is  this  the  cause  of  their  simplicity  of 
arrangement  in  their  course  through  the 
body,  as  contrasted  with  the  nerves  of  the 
head?  Again,  what  cerebral  nerves,  in 
their  distribution  to  the  head  and  face, 
correspond  in  office  with  the  spinal  nerves? 
On  the  solution  of  these  questions  will 
depend  our  knowledge  of  the  whole  ner- 
vous system. 

It  was  necessary  to  know  in  the  first 
place,  whether  the  phenomena  exhibited 
on  injuring  the  separate  roots  of  the  spinal 
nerves  corresponded  with  what  was  sug- 
gested by  their  anatomy.  After  delaying 
long  on  account  of  the  unpleasant  nature  of 
the  operation,  I  opened  the  spinal  canal  of 
a  rabbit,  and  cut  the  posterior  roots  of  the 
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nerves  of  the  lower  extremity;  the  creature 
crawled,  but  I  was  deterred  from  repeating 
the  experiment  by  the  protracted  cruelty 
of  the  dissection.  I  reflected,  that  an  ex- 
periment would  be  satisfactory,  if  done  on 
an  animal  recently  knocked  down  and  in- 
sensible ;  that  whilst  I  experimented  on  a 
living  animal,  there  might  be  a  trembling 
or  action  exerted  in  the  muscles  by  touch- 
ing a  sensitive  nerve,  which  motion  it 
would  be  difficult  to  distinguish  from  that 
produced  more  immediately  through  the 
influence  of  the  motor  nerves.  I  there- 
fore struck  a  rabbit  behind  the  ear,  so  as  to 
deprive  it  of  sensibiHty  by  the  concussion, 
and  then  exposed  the  spinal  marrow.  On 
irritating  the  posterior  roots  of  the  nerve, 
I  could  perceive  no  motion  consequent,  on 
any  part  of  the  muscular  frame ;  but  on 
irritating  the  anterior  roots  of  the  nerve,  at 
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each  touch  of  the  forceps  there  was  a 
corresponding  motion  of  the  muscles  to 
which  the  nerve  was  distributed.  These 
experiments  satisfied  me  that  the  different 
roots  and  different  columns  from  whence 
those  roots  arose,  were  devoted  to  distinct 
offices,  and  that  the  notions  drawn  from  the 
anatomy  were  correct. 

The  anterior  roots  of  the  spinal  nerves, 
and  the  anterior  column  of  the  spinal  mar- 
row, being  thus  shown  to  have  a  power 
over  the  muscular  system,  the  next  step  of 
the  enquiry  was  distinctly  indicated.  If  I 
pursue  the  track  of  the  anterior  column  of 
the  spinal  marrow  up  into  the  brain,  shall 
I  find  the  nerves  which  arise  from  it  to  be 
muscular  nerves?  An  anatomist  will  at 
once  answer,  that  only  muscular  nerves 
arise  in  this  line. 
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We  see  here  the  anterior  root  of  the 
spinal  nerve,  arising  from  the  column  at  A. 
We  trace  the  column  up  into  the  corpus 
pyramicjale,  and  find  there  the  origin  of 
the  ninth  nerve  B.    We  see  that  this  nerve 
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has  only  one  series  of  roots,  corresponding 
with  the  anterior  roots  of  the  spinal  nerves, 
and  that  these  roots  come  from  the  tr actus 
motorius^  and  we  cannot  forget  that  this 
nerve  is  entirely  devoted  to  the  muscles  of 
the  tongue;  that  it  is  the  motor  of  the  tongue. 

Following  up  the  corpus  pyramidale, 
we  find  issuing  from  it  the  sixth  nerve,  a 
muscular  nerve  of  the  eye.  Still  following 
up  the  tractus  motorius  through  the  pons 
varolii^  we  come  to  the  roots  of  the  third 
nerve,  the  motor  nerve  of  the  eye.  Thus 
all  the  nerves  arising  in  one  line  from  the 
Crus  Cerebri  to  the  Cauda  Equina  are  mus- 
cular nerves. 

On  finding  this  confirmation  of  the 
opinion,  that  the  anterior  column  of  the 
spinal  marrow  and  the  anterior  roots  of  the 
spinal   nerves  were  for  motion,  the  con. 
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elusion  presented  itself  that  the  posterior 
column  and  posterior  roots  were  for  sensi- 
bility. But  here  a  difficulty  arose.  An 
opinion  has  prevailed  that  ganglia  were 
intended  to  cut  off  sensation  ;  while  every 
one  of  the  nerves,  whicii  I  supposed  were 
the  instruments  of  sensation,  had  ganglia  on 
their  roots.     See  p.  28.  D. 

Some  very  decided  experiment  was  ne- 
cessary to  overturn  this  dogma.  I  selected 
two  nerves  of  the  encephalon  ;  the  fifth, 
which  had  a  ganglion,  and  the  seventh, 
which  had  no  ganglion.  On  cutting  across 
the  nerve  of  the  fifth  pair  on  the  face  of  an 
ass,  it  was  found  that  the  sensibility  of  the 
parts  to  which  it  was  distributed  was  en- 
tirely destroyed.  On  cutting  across  the 
nerve  of  the  seventh  pair  on  the  side  of 
the  face  of  an  ass,  the  sensibility  was  not 
in  the  slightest  degree  diminished. 
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By  pursuing  the  enquiry,  it  was  found 
that  a  ganglionic  nerve  is  the  sole  organ  of 
sensation  in  the  head  and  face:  and  thus 
my  opinion  was  confirmed^  that  the  gan- 
glionic roots  of  the  spinal  nerves,  were  the 
fasces  or  funiculi  for  sensation. 

It  now  became  obvious  why  the  third, 
sixth,  and  ninth  nerves  of  the  encephalon 
were  single  nerves  in  their  roots,  as  con- 
trasted with  the  spinal  nerves  :  for  if  the 
fifth  nerve  bestowed  sensibility  universally 
on  the  head  and  face  and  all  the  parts 
contained,  there  was  no  necessity,  so  to 
speak,  for  the  third,  sixth,  and  ninth,  hav- 
ing the  posterior  or  ganglionic  root. 

Pursuing  the  subject  and  still  directed  by 
the  anatomy,  the  next  matter  of  enquiry 
was  to  ascertain  how  far  the  fifth  nerve  of 
the  encephalon  corresponded  with  the  spinal 
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nerves.  It  was  discovered  that  the  fifth 
nerve  bestowed  sensibility  on  all  the  cavities 
and  surfaces  of  the  head  and  face.  It  was 
also  observed,  that  where  the  sensibility  of 
the  integuments  remained  after  the  division 
of  the  fifth  nerve,  it  was  only  to  the  extent 
of  surface  supplied  by  the  nerves  of  the 
spine.  Where  certain  fibrils  of  the  spinal 
nerve  extend  upon  the  integuments  of  the 
side  of  the  jaw,  these  are  equivalent  in  office 
to  those  of  the  fifth  nerve.  In  short,  in. re- 
gard to  their  property  of  bestowing  sensi- 
bility, the  fifth  and  the  spinal  nerves  were 
identified. 

But  was  the  fifth  nerve  in  other  essential 
circumstances  similar  to  the  spinal  nerves  ? 
On  recurring  to  the  anatomy,  and  com- 
paring the  fifth  nerve  of  the  encephalon 
with  a  spinal  nerve,  the  resemblance,  both 
in  man  and  brutes,  was  very  remarkable. 
In  this  sketch  we  recognise  corresponding 
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parts.  In  both  nerves  we  see  the  double 
roots  ;  the  anterior  root  passing  the  gan- 
glion, and  the  posterior  root  falling  into  it 


We  have  alpve  an  exact  drawing  of  the  5th  nerve,  and  one  of  the 
spinal  nerves. 

A  the  5th  nerve ;  B  a  spinal  nerve ;  C  the  Pons  Varolii ;  D  the 
Corpus  Pyramidale ;  a  that  origin  of  the  5th  which  has  no  ganglion  j  b 
the  root  of  the  5th  which  has  a  ganglion ;  c  the  ganglion ;  d  the  anterior 
origin  of  the  spinal  nerve  having  no  ganglion  ;  e  the  posterior  ganglionic 
root  of  the  same  nerve  j   f  the  ganglion. 
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or  forming  it.  On  following  back  the  ante- 
rior root,  we  may  perceive  that  it  comes  out 
betwixt  the  fanes  of  the  pons  Varolii,  and, 
in  fact,  from  the  cms  of  the  cerebrum. 


A  Crus  Cerebri ;  B  Pons  Varolii ;  C  Medulla  Oblongata  ;  D  two 
ropes  or  funes  of  the  pons,  which  part  to  give  origin  to  the  anterior  root 
of  the  5th  nerve  ;  E  a  fasciculus  from  the  Crus  Cerebri,  giving  origin  to 
the  anterior  root  of  the  5th  nerve. 
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Observing  that  there  was  a  portion  of  the 
fifth  nerve,  which  did  not  enter  the  gan- 
ghon  of  that  nerve,  and  being  assured  of 
this  fact  by  the  concurring  testimony  of 
anatomists,  I  conceived  that  the  fifth  nerve 
was  in  fact  the  uppermost  nerve  of  the 
spine;  that  is  to  say,  the  uppermost  or  most 
anterior  of  those  nerves  which  order  the 
motion,  and  bestow  sensibility,  in  its  ex^ 
tended  sense,  on  the  frame  of  the  body. 

To  confirm  this  opinion  by  experiment, 
the  nerve  of  the  fifth  pair  was  exposed  at 
its  root,  in  an  ass,  the  moment  the  animal 
was  killed ;  and  on  irritating  the  nerve,  the 
muscles  of  the  jaw  acted,  and  the  jaw  was 
closed  with  a  snap.  On  dividing  the  root 
of  the  nerve  in  a  living  animal,  the  jaw  fell 
relaxed.  Thus  its  functions  were  no  longer 
matter  of  doubt :  it  was  at  once  a  muscular 
nerve  and  a  nerve  of  sensibility.    And  thus 
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the  opinion  was  confirmed,  that  the  fifth 
nerve  was  to  the  head,  what  the  spinal 
nerves  were  to  the  other  parts  of  the 
body. 

One  circumstance  I  may  notice  in  passing; 
the  origin  of  the  fifth  nerve  being  above  or 
anterior  to  the  termination  of  the  column 
of  the  spinal  marrow  for  respiration,  it  can 
receive  no  roots  from  it.  How  then  are 
the  features  to  be  moved  in  sympathy  with 
the  lungs,  and  with  the  respiratory  actions 
of  the  breast,  neck,  and  throat  ?  We  shall 
find  presently  that  this  is  effected  through 
the  portio  dura  of  the  seventh. 

I  have  now  only  to  add,  that  these  opi- 
nions and  experiments  have  been  followed 
up  to  the  satisfaction  of  all  Europe.  It 
has  been  acknowledged  that  the  anterior 
roots  of  the  spinal  nerves  bestow  the  power 
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of  muscular  motion ;  and  the  posterior 
roots  sensibility.  When  the  anterior  roots 
of  the  nerves  of  the  leg  are  cut  in  experi- 
ment, the  animal  loses  all  power  over  the 
leg,  although  the  limb  still  continues  sensi- 
ble. But  if,  on  the  other  hand,  the  poste- 
rior roots  are  cut,  the  power  of  motion 
continues,  although  the  sensibility  is  de- 
stroyed. When  the  posterior  column  of 
the  spinal  marrow  is  irritated  the  animal 
evinces  sensibility  to  pain  ;  but  no  appa- 
rent effect  is  produced  when  the  anterior 
column  is  touched, 

I  shall  now  proceed,  by  reference  to  the 
plate,  to  explain  the  symmetrical  system 
OF  NERVES.  We  see  thirty-one  nerves 
similar  in  origin  and  constitution,  ranging 
with  perfect  order,  and  going  forth  to  the 
head, body,  and  limbs  in  regular  succession; 
and  in  their  essential  attributes,  common 
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to  every  class  of  animals,  from  the  creeping 
thing  *  up  to  man. 

*  This  will  be  condemned  as  a  term  not  systema- 
tic, but  it  is  strictly  correct.  It  is  the  necessity  of  a 
correspondence  in  the  motions  of  the  body  and  feet 
which,  if  we  may  so  express  it,  calls  for  symmetry  in 
the  distribution  of  the  nervous  system.  When  a  crea- 
ture has  no  feet,  or  substitute  for  them,  there  is  no  sym- 
metrical system  of  nerves.  If  we  were  to  consider  the 
necessity  of  correspondence  in  the  motions  of  the  hands 
and  feet,  as  well  as  in  the  four  quarters  of  brutes,  that 
each  foot  does  not  move  by  itself,  but,  on  the  contrary, 
that  there  is  a  combination  of  motion  betwixt  the  limbs 
in  walking,  ambling,  trotting,  gallopping,  &c.,  we  should 
see  that  the  muscular  system  must  be  united  by  a  longi- 
tudinal cord  and  uniformity  of  branches  going  out  late- 
rally. 
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EXPLANATION  OF  PLANS. 

When  we  contemplate  the  dissection 
which  we  have  made  of  the  nerves  of  the 
face,  neck,  and  chest,  and  are  lost  in  the 
confusion  of  the  Vllth,  Vlllth,  and  IXth 
of  the  branches  of  the  Cervical  Nerves,  and 
of  the  Sympathetic^ — of  the  Diaphragmatic, 
Spinal  Accessory,  and  Inferior  External  Re- 
spiratory Nerves — we  shall  be  prepared  to 
see  the  advantages  of  the  plans  which  are 
annexed.  The  reader  will  soon  discover  that 
the  system,  of  which  the  plans  may  give 
him  some  idea,  is  not  only  a  remarkable 
improvement  in  the  knowledge  of  the 
structure  and  functions  of  animal  bodies, 
but  is  of  the  greatest  use  in  practical  ana- 
tomy in  facilitating  the  comprehension  of 
the  nerves. 
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The  arrangement  is  this  :  —  There  is  an 
obvious  division  of  the  medulla  spinalis 
corresponding  to  the  cerebrum  and  cere- 
bellum :  every  regular  nerve  has  two  roots, 
one  from  the  anterior  of  these  columns,  the 
other  from  the  posterior  :  such  are  the  Vth 
pair;  the  Suboccipital;  the sfe Cervical;  the  » 
twelve  Dorsal ;  the  five  Lumbar;  and  the  six 
Sacral ;  viz.,  thirty-one  pairs  of  perfect,  re- 
gular, or  double  nerves  in  the  human  body. 
These  are  laid  down  in  the  first  plan.  They 
are  common  to  all  animals,  from  the  worm 
up  to  man;  and  are  for  the  purposes  of  com- 
monsensationandmotion,or  acts  of  volition; 
they  run  out  laterally  to  the  regular  divisions 
of  the  body,  and  never  take  a  course  longi- 
tudinal to  the  body. 

For  the  sake  of  arrangement,  the  remain- 
ing nerves  are  called  irregular  nerves. 
These  are  distinguished  by  a  single  fascicu- 
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lus,  or  single  root ;  that  is  a  root  from  one 
column.  These  are  simple  in  their  origin  ; 
irregular  in  their  distribution  ;  and  deficient 
in  that  symmetry  which  characterizes  the 
first  class.  They  are  superadded  to  the  ori- 
ginal class,  and  correspond  to  tlie  number 
and  complicatron  of  the  superadded  organs.  'k 
Of  these  there  are  —  the  Hid,  IVth,  and 
Vlth  to  the  eye  ;  the  Vllth  to  the  face  ; 
the  IXth  to  the  tongue;  the  Glosso  Pharyn- 
geal to  the  pharynx  ;  the  Nervus  Vagus  to 
the  larynx,  heart,  lungs,  and  stomach  ;  the 
Phrenic  to  the  diaphragm  ;  the  Spinal  Ac- 
cessory  to  the  muscles  of  the  shoulder ;  the 
External  Respiratory  to  the  outside  of  the 
chest. 

If  we  enquire  into  the  seeming  confusion 
in  the  second  class,  or  iiTegular  nei^ves^  we 
shall  perceive  that  it  is  owing  to  the 
complication  of  the  superadded  apparatus 
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of  respiration,  and  the  variety  of  offices 
which  this  apparatus  has  to  perform  in  the 
higher  animals.  To  explain  this  the  second 
plan  is  given.  It  presents  in  one  view  the 
nerves  destined  to  move  the  muscles  in  all 
the  varieties  of  respiration,  speech,  and  ex- 
pression. 

We  may  now  see  how  confounding  is 
the  numbering  of  the  nerves,  according  to 
the  system  of  Willis  ;  and  how  impossible 
it  is  to  make  a  natural  arrangement  while 
the  nerves  are  so  numbered. 

EXPLANATION  OF  PLATE  L 

A  A       Cerebrum. 
B  B       CerebeUum. 
C  C       Crura  Cerebri. 
D  D      Crura  Cerebelli. 
E  E  E    Spinal  marrow. 

1  1  Branches  of  the  Vth  pair,  or  Trigeminus,  which 
are  seen  to  arise  from  the  union  of  the  Crura  Cerebri  and 
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crura  cerebelli :  one  root  coming  from  the  crus  cerebri, 
and  another  from  the  crus  cerebelli ;  and  on  the  last  a 
ganglion  is  seen,  like  the  ganglion  of  the  spinal  nerves. 
The  branches  of  the  Vth  nerve  are  universally  distri- 
buted to  the  head  and  face. 

2  2  Branches  of  the  Suboccipital  Nerves,  which  have 
double  origins  and  ganglions. 

3  3  The  branches  of  the  four  inferior  Cervical  Nerves 
and  of  the  first  Dorsal,  forming  the  Axillary  Plexus :  the 
origins  of  these  nerves  are  similar  to  those  of  the  Vth  and 
the  Suboccipital. 

4  4  4  4  Branches  of  the  Dorsal  Nerves,  which  also 
arise  in  the  same  manner. 

5  5  The  Lumbar  Nerves. 

6  6  The  Sacral  Nerves. 
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OF  THE  SYSTEM  OF  NERVES  CALLED 
RESPIRATORY. 

The  observation  of  the  frame  of  man  or 
of  brute,  and  especially  the  review  of  it  in  a 
state  of  high  activity,  or  under  the  influence 
of  passion,  will  convince  us  that  the  motions 
dependent  on  respiration  extend  almost  over 
the  whole  body,  while  they  more  directly 
affect  the  trunk,neck,and  face.  We  may  per- 
ceive, also,  that  during  the  involuntary  action 
of  respiration  the  same  muscles  are  in  opera- 
tion as  in  the  vol  untary  actions.  This  is  evident 
not  only  in  breathing,  but  also  in  coughing, 
sneezing,  crying,  laughing,  speaking,  swal- 
lowing, and  vomiting;  for  all  these  are  states 
or  conditions  of  the  respiratory  nerves  and 
muscles.  In  every  effort  but  that  of  sim- 
ple voluntary  motion,  the  respiratory  organs 
become  the  agents  ;   and  even  in  violent 
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voluntary  efforts,  or  the  long  continuance 
of  exercise,  the  instinctive  motions  chime 
in  with  the  voluntary  motions,  and  the  ac- 
tivity of  the  frame  becomes  general. 

Under  the  class  of  respiratory  motions 
we  have  to  distinguish  two  kinds  :  first,  the 
involuntary,  or  instinctive  ;  secondly,  those 
which  accompany  an  act  of  volition.  We 
are  unconscious  of  that  state  of  alternation 
of  activity  and  rest  which  characterises  the 
instinctive  act  of  breathing  in  sleep ;  and 
this  condition  of  activity  of  the  respiratory 
organs  we  know,  by  experiment,  is  inde- 
pendent of  the  brain.  But,  on  the  other 
hand,  we  see  that  the  act  of  respiration  is 
sometimes  an  act  of  volition,  intended  to 
accomplish  some  other  operation,  as  that  of 
smelling  or  speaking.  I  apprehend  that  it 
is  this  compound  operation  of  the  organs 
of  breathing  which   introduces    a  certain 

E 
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degree  of  complexity  into  the  system  of 
respiratory  nerves.  A  concurrence  of  the 
nerves  of  distinct  systems  will  be  found  ne- 
cessary to  actions  which  at  first  sight  appear 
to  be  very  simple. 

To  make  this  evident,  before  proceeding 
further,  I  shall  give  an  example  of  the 
necessity  of  this  combination  of  different 
powers.  Let  us  observe,  in  the  act  of  eating 
and  swallowing,  the  necessary  combination 
of  the  three  powers  of  sensation,  voluntary 
muscular  activity,  and  the  act  of  the  respira- 
tory muscles. 

If  we  cut  the  divison  of  the  fifth  nerve 
which  goes  to  the  lips  of  an  ass,  we  deprive 
the  lips  of  sensibility  :  so  when  the  animal 
presses  the  lips  to  the  ground,  and  against 
the  oats  lying  there,  it  does  not  feel  them  ; 
and  consequently  there  is  no  effort  made  to 
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gather  them.  If,  on  the  other  hand,  we  cut 
the  seventh  nerve  where  it  goes  to  the  hps, 
the  animal  feels  the  oats,  but  it  can  make  no 
effort  to  gather  them,  the  power  of  muscular 
motion  being  cut  off  by  the  division  of  the 
nerve.  Thus  we  perceive  that  in  feeding, 
just  as  in  gathering  any  thing  with  the  hand, 
the  feeling  directs  the  effort ;  and  two  pro- 
perties of  the  nervous  system  are  necessary 
to  a  very  simple  action. 

In  drinking,  the  fluid  is  sucked  in  by  the 
breath,  and  when  the  mouth  is  full  we 
swallow.  The  water  is  felt;  the  lips  are 
moulded  into  the  right  form  by  volition,  and 
the  muscles  of  inspiration  combine  to  draw 
in  the  fluid.  In  the  act  of  swallowing,  the 
liquid  would  descend  into  the  windpipe 
were  there  not  a  combination  of  the  mus- 
cles of  respiration  with  the  apparatus  of 
deglutition  to  prevent  it ;  nor  could  the  fluid 

E   2 
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or  the  solid  morsel  pass  the  diaphragm 
without  a  similar  coincidence  of  activity 
and  relaxation  betwixt  parts  animated  by 
different  system  of  nerves. 

In  speaking,  it  is  still  more  obvious  that 
the  act  of  respiration  must  become  volun- 
tary, in  order  to  push  out  the  breath  in  com- 
bination with  the  contractions  of  the  larynx, 
and  tongue  and  lips,  for  producing  sound, 
and  more  especially  articulate  language. 

The  respiratory  system  must  be  exercised 
under  an  instinctive  and  involuntary  im- 
pulse, as  in  breathing  during  sleep  and  in- 
sensibility. But  it  must,  at  certain  times, 
be  associated  into  voluntary  actions.  By 
foreseeing  this  difficulty  we  shall  avoid  the 
danger  of  pushing  the  investigation  of  the 
anatomy  too  far ;  or  of  throwing  a  doubt 
over  important  discoveries  by  attempting 
too  much. 
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After  the  investigation  of  the  regular 
system  of  nerves  of  sensation  and  volun- 
tary motion,  the  question  that  had  so  long 
occupied  me,  viz. — what  is  the  explanation 
of  the  excessive  intricacy  of  the  nerves  of 
the  face,  jaws,  throat,  and  breast  ?  became 
of  easy  solution.  These  nerves  are  agents 
of  distinct  powers;  and  they  combine  the 
muscles  in  subserviency  to  different  func- 
tions. 

As  far  as  regards  motion  and  sensation,  the 
original  and  symmetrical  nerves  appeared 
sufficient  to  the  concatenation  of  the  mus- 
cles. By  them  creatures  feel  pain,  and 
move  and  withdraw  themselves  from  in- 
jury. But  these  nerves  are  not  capable 
of  (that  is  to  say,  were  not  designed  for)  the 
vital  act  of  respiration,  far  less  for  smell- 
ing, speaking,  singing,  laughing,  in  which 
several  acts  the  respiratory  system  is 
brought  into  activity. 

E   3 
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As  animals  rise  in  the  scale  of  beings, 
new  organs  are  bestowed  upon  them.  And 
as  new  organs  and  new  functions  are  super- 
added to  the  original  constitution  of  the 
frame,  new  nerves  are  given  also,  and  new 
sensibilities,  and  new  powers  of  activity. 

In  the  act  of  respiration  we  see  a  suc- 
cession of  regular  motions  extending  to  a 
great  part  of  the  animal  machinery;  we 
perceive,  at  one  glance,  that  this  is  a  new 
species  of  activity,  and  that  this  new  energy 
must  be  derived  from  a  source  different 
from  locomotive  powers.  Looking  to  the 
simultaneous  motions  of  the  abdomen, 
thorax,  neck,  throat,  lips,  and  nostrils,  in 
breathing,  it  is  obvious,  in  the  first  place, 
that  they  must  be  animated  by  nerves  par- 
taking of  similar  powers ;  and  that  these 
nerves  must  have  a  centre  somewhere,  so 
that  they  may  be  simultaneously  and  equal- 
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]y  excited,  and  give  a  uniform  impulse  to 
the  muscles  of  respiration. 


A  the  Pons  Varolii ;  B  Corpus  Pyramidale ;  C  Corpus  OHvare ; 
D  The  Spinal  Accessory  nerve ;  E  Par  Vagum  ;  F  Glosso- Pharyngeal 
nerve ;  G  Portio  Dura  of  the  seventh ;  H  Fourth  nerve. 

All  these  are  respiratory  nerves,  arising  in  a  line  from  the  same 
column, 

E    4 
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The  reader  will  now  understand  the 
course  of  my  reflections,  when  I  observed 
that  there  were  certain  nerves  arising  from 
a  distinct  column  of  the  spinal  marrow,  not 
only  different  from  the  spinal  nerves,  but 
unlike  either  of  the  roots  of  the  spinal 
nerves ;  and  that  they  had  their  roots  in  a 
row  or  regular  series.  After  the  course  of 
the  enquiry  which  I  have  described,  it  was 
natural  to  suppose  that  these  nerves  must 
have  a  distinct  function,  and  what  so  pro- 
bable as  that  pointed  out  by  their  course 
and  distribution  ?  viz. —  that  they  were  con- 
nected with  the  offices  of  respiration.  Ob- 
serving that  the  Spinal  Accessory  nerve,  the 
Par  Vagum,  the  Glosso-Pharyngeal  nerve, 
the  Portio  Dura  of  the  seventh  or  respira- 
tory nerve  of  the  face,  and  the  Fourth  Nerve, 
arose  in  a  distinct  tract  and  in  sequences^  I 
conceived  that  they  offered  themselves  as 
fair  subjects  of  experiment;  and  that  by  an 
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experiment  the  question  would  be  deter- 
mined, viz,  —  whether  or  not  these  five 
nerves  connected  the  remote  parts  to  which 
they  were  distributed  in  the  act  of  respir- 
ation ? 

The  consideration  of  the  course  of  the 
Par  Vagum  (E)  gave  countenance  to  this 
idea,  and  the  comparative  anatomy  of  the 
nerve  confirmed  it.  On  comparing  the 
experiments  that  had  been  made  from 
time  to  time  on  this  nerve,  all  conspired 
to  show  that  its  use  was  to  combine  the 
proper  organs  of  respiration ;  while  the 
other  nerves  (as  DFGH)  were  intended 
to  draw  the  exterior  apparatus  of  mus- 
cles into  sympathy  with  the  heart  and 
lungs.  Experiments  fully  confirmed  these 
opinions. 

In  this  course  of  enquiry  it  was  natural 
to  ask  why  the  Spinal  Accessory  of  authors 
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(D)  arose  from  the  spinal  marrow  in  the 
neck?  why  it  ascended  into  the  head,  to 
join  itself  with  the  par  vagum,  instead  of 
following  the  direct  and  short  route  to  its 
destination  on  the  muscles  of  the  neck  and 
shoulder,  like  the  spinal  nerves  ?  I  divided 
its  branches  in  the  living  animal,  and  by 
that  means  cut  off  certain  muscles  from 
partaking  in  the  act  of  breathing,  while 
they  retained  their  office  under  the  other 
nerves  ;  that  is,  they  remained  under  the 
direction  of  the  will  when  they  had  ceased 
to  be  influenced  by  the  lungs. 

Directed  in  the  next  place  to  the  Portio 
Dura  (G),  I  wished  to  answer  the  question. 
Why  does  the  nerve  which  supplies  the 
muscle  of  the  face  take  an  origin  and  a 
course  different  from  the  Fifth  Nerve  des- 
tined to  the  same  parts  ?  By  experiment  I 
proved  that  this  was  the  respiratory  nerve  of 
the  face :  and  by  inference  I  concluded,  that 
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it  had  the  origin  we  see,  and  took  its  course 
with  the  respiratory  nerves;  because  it  was 
necessary  to  the  association  of  the  muscles 
of  the  nostrils,  cheek,  and  lips,  with  the 
other  muscles  used  in  breathing,  speaking, 
&c.  For  this  reason  it  was  associated  with 
the  root  of  the  Eighth  Pair  instead  of  the 
Fifth. 

The  course  of  enquiry  into  the  functions 
of  the  branches  of  the  Portio  Dura  which 
go  to  the  eyelids,  led  me  to  make  observ- 
ations on  the  motions  of  the  eyeball ;  and 
finally  directed  me  to  the  Fourth  Nerve  (H) 
to  account  for  the  sympathetic  motions  of 
the  eyeball  in  combination  with  the  other 
parts  moved  in  the  excited  state  of  respir- 
ation. 

I  may  here  observe,  that  on  thrusting 
a  pin  or  the  probe  into  the  substance  of 
the  medulla  oblongata  near  the  root  of  the 
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portio  dura  (G),  and  then  turning  to  the 
other  side,  we  shall  find  that  we  have  thrust 
betwixt  the  roots  of  the  fourth  nerve.* 

This  intricate  subject  is  discussed  in  the 
last  of  the  series  of  papers  given  to  the 
Royal  Society,  and  republished  in  this 
volume. 

Nothing  can  better  prove  the  importance 
of  the  principles  laid  down  in  the  beginning 
of  this  exposition  than  the  explanation  which 
it  offersof  the  seeming  intricacy  of  the  nerves 
of  the  orbit  and  of  the  whole  head  and  face ; 
and  the  variety  of  curious  facts  which  it 
brings  to  light.  These,  as  I  have  said,  are 
detailed  in  the  last  of  these  papers. 

It  appears,  then,  that  there  are  four 
nerves  coming  out  of  a  track  or  column  of 

*  I  have  indicated  the  course  of  the  fourth  nerve  by 
a  dotted  line. 
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the  spinal  marrow,  from  which  neither  the 
nerves  of  sensation,  nor  of  common  volun- 
tary motion  take  their  departure.  Expe- 
riment further  proves,  that  these  nerves 
excite  motions  dependent  on  the  act  of 
respiration. 

There  can  be  no  hesitation  or  doubt  that 
as  far  as  the  neck,  throat,  face,  and  eyes 
depend  on,  or  are  related  to  the  actions  of 
respiration,  it  is  through  these  nerves  that 
they  are  so  associated. 

I  have  been  always  desirous  of  stating, 
that  the  absolute  proofs  stop  here,  and  that 
the  rest  is  hypothesis.  I  imagine  that  the 
same  column  or  track  which  gives  origin  to 
the  fourth,  seventh,  glosso-pharyngeal,  par 
vagum,  and  spinal  accessory  nerves  is  con- 
tinued downward  along  the  lateral  part  of 
the  spinal  marrow,  and  that  it  affords  roots 
to   the   spinal    nerves,    constituting    them 
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respiratory  nerves  as  well  as  nerves  of  mo- 
tion and  sensation ;  and  that  it  especially 
supplies  the  roots  of  the  diaphragmatic 
nerve,  and  the  external  respiratory  nerve. 

The  spinal  nerves  are  adequate  to  the  gen- 
tle and  uniform  motions  of  respiration,  but 
not  to  the  associated  actions  of  respiration. 
Thus  when  a  creature  cries,  or  a  man 
speaks  or  sings,  the  muscular  effort  is  not 
in  the  muscles  of  the  thorax  only,  and  di- 
rected by  the  intercostal  nerves ;  but  the 
shotilders  are  raised  and  the  thorax  ex- 
panded by  the  influence  of  the  spinal  ac- 
cessory nerve,  and  the  external  respiratory 
nerves.  The  larynx  is  excited  by  the 
branches  of  the  par  vagum  called  laryngeal. 
The  cheeks,  lips,  and  nostrils,  are  directed 
by  the  portio  dura  and  the  fourth  nerves. 

It  is  remarkable  that  in  the  investigation 
of  this   subject  every  nerve  and  twig  of 
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nerve  is  accounted  for,  and  its  office  ex- 
plained, with  the  exception  of  certain  divi- 
sions of  the  sixth  nerve  of  the  brain. 

EXPLANATION  OF  PLATE  IL 

A  Cerebrum. 

B  Cerebellum. 

C  C  Spinal  Marrow. 

D  Tongue. 

E  Larynx. 

F  Bronchia. 

G  Heart. 

H  Stomach. 

1  Diaphragm. 

Ill  Par  Vagum,  arising  by  a  single  set  of  roots  and 
passing  to  the  larynx,  the  lungs,  heart,  and  stomach. 

2  2  Superior  laryngeal  branches  of  the  par  vagum. 

3  Recurrent    or    inferior    laryngeal   of    the    par 
vagum. 

4  Pulmonic  plexus  of  the  par  vagum. 

5  Cardiac  plexus  of  the  par  vagum. 

6  Gastric  plexus  or  corda  ventriculi  of  the  par 
vagum. 

7  Fourth  nerve  a  branch  of  this  system  to  the  eye. 
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8  Respiratory  nerve  or  portio  dura  to  the  muscles 
of  the  face,  arising  by  a  series  of  single  roots. 

9  Branches  of  the  glosso-pharyngeal. 

10  Origins  of  the  superior  external  respiratory  or 
spinal  accessory  nerve. 

11  Branches  of  the  last  nerve  to  the  muscles  of  the 
shoulder. 

12  12  12  Internal  respiratory,  or  the  phrenic  to  the 
diaphragm.  The  origins  of  this  nerve  may  be  seen  to 
pass  much  higher  up  than  they  are  generally  described. 

13  Inferior  external  respiratory  to  the  serratus 
magnus. 

It  was  said  that  we  understand  the  use  of 
all  the  intricate  nerves  of  the  body,  with 
the  exception  of  the  sixth.  The  sixth 
nerve  stands  connected  with  another  sys- 
tem of  nerves  altogether;  I  mean  the 
system  hitherto  called  the  sympathetic,  or 
sometimes  the  ganglionic  system  of  nerves  ; 
and  of  this  system  we  know  so  little,  that 
it  cannot  be  matter  of  surprise  if  we  reason 
ignorantly  of  the  connection  of  the  sixth 
with  it. 
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On  reviewing  the  whole  nerves^  of  the 
human  body,  the  sensitive,  motor,  and  re- 
spiratory systems  combined,  surely  these 
views  come  strongly  recommended.  They 
present  a  series  of  facts  unexampled  for 
their  number  and  importance.  Such,  for 
instance,  as  the  distinct  functions  of  the 
nerves  of  the  face ;  the  fact  that  all  sensi- 
bility in  the  head  and  face  depends  solely 
on  the  fifth  nerve;  the  singular  circum- 
stance, that  the  common  sensibility  of  the 
whole  frame  results  from  a  series  of  gan- 
glionic nerves  extending  from  the  head  to 
the  sole  of  the  foot ;  that  the  act  of  respir- 
ation in  the  face,  nostrils,  throat,  &c.  results 
from  a  series  of  nerves  differing  from  the 
common  nerves  :  and  last  of  all,  it  will  not 
be  said  that  I  have  left  the  question  unre- 
solved with  which  I  set  out,  viz.,  the  cause 
of  the  intricacy  of  the  nerves  of  the  face, 
neck,  and  chest.     I  have  shown  that  the 
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same  part,  as  for  example  the  tongue,  has 
different  nerves  suited  to  its  different  func- 
tions ;  and  that  the  intricacy  arises  from  the 
interweaving  of  the  branches  of  different 
systems.  But  all  this  has  an  easy  explan- 
ation when  we  know  the  properties  of  the 
columns  from  which  they  proceed. 

If  there  were  no  facts  to  give  proof  of  the 
truth  of  the  view  which  I  have  presented, 
it  would  surely  be  enough  to  recommend  it, 
that  a  subject  which  has  been  hitherto  diffi- 
cult, and  intricate,  and  forbidding,  has,  by 
means  of  it,  become  interestingj  simple,  and 
satisfactory. 

I  shall  now  lay  before  my  reader  the 
papers  which  I  presented  to  the  Royal 
Society  on  this  subject,  and  in  the  order 
they  are  printed  in  the  Philosophical  Trans- 
actions. 
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F  2 


ON  THE  NERVES,  ^c. 


iRead  before  the  Royal  Society^  July  12,  1821.] 

During  the  general  advancement  of  science 
which  has  lately  taken  place  in  this  country, 
observations  have  been  gradually  accumu- 
lating in  the  schools  of  the  metropolis, 
which  prove  that  the  department  of  ana- 
tomy has  not  been  stationary.  The  nerv- 
ous system^  hitherto  the  most  unsatis- 
factory part  of  a  physiologist's  studies,  has 
assumed  a  new  character.  The  intricacies 
of  that  system  have  been  unravelled,  and 
the  peculiar  structure  and  functions  of  the 
individual  nerves  ascertained;  so  that  the 
absolute    confusion    in    which    this    sub- 
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ject  was  involved  has  disappeared,  and 
the  natural  and  simple  order  has  been  dis- 
covered. 

In  proceeding  to  give  some  account  of 
these  new  observations,  the  author  of  this 
paper  had  conceived,  that  it  would  be  more 
suitable  to  the  scientific  body  he  had  to 
address,  to  lay  the  subject  before  them  in 
the  precise  manner  in  which  it  first  pre- 
sented itself  to  his  enquiries,  and  to  detail 
his  observations  and  experiments  in  the 
succession  in  which  they  were  made  5  but 
he  has  been  persuaded  by  some  of  the 
members  of  this  society  to  change  that 
form,  and  to  present  the  subject  in  the 
manner  to  which  he  has  been  accustomed, 
in  teaching  these  doctrines ;  and  they  were 
pleased  to  say,  that  in  this  way,  a  new  sub- 
ject would  be  more  readily  comprehended.  * 

*  I  believed  that  general  attention  to  these  subjects 
could  not  be  raised  by  the  account  of  a  system  founded 
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Intricacy  of  the  Nervous  System. 

Anatomists  have  of  late,  not  only  in  this 
country,  but  also  in  Germany  and  Italy, 
made  great  improvement  in  the  minute 
dissection  and  display  of  the  nerves  ;  but 
whilst  the  doctrines  hitherto  received  pre- 
vail, the  discovery  of  new  branches  of 
nerves,  and  new  ganglia,  only  involve  the 
subject  in  deeper  obscurity.  Whilst  the 
nerves  are  supposed  to  proceed  from  one 
great  centre,  to  have  the  same  structure 
and  functions,  and  to  be  all  sensible,  and 
all  of  them  to  convey  what  has  been  vaguely 
called  nervous  power,  these  discoveries  of 
new  nerves  and  ganglia  are  worse  than  use- 
less ;  they  increase  the  intricacy,  and  repel 
enquiry.      The   endless   confusion   of  the 

on  anatomy,  and  on  tlie  minute  distinctions  in  the  origins 
of  the  nerves.  1  thought  that  it  required  the  announce- 
ment of  some  distinct  and  remarkable  facts. 
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subject  induces  the  physician,  instead  of 
taking  the  nervous  system  as  the  secure 
ground  of  his  practice,  to  dismiss  it  from 
his  course  of  study,  as  a  subject  presenting 
too  great  irregularity  for  legitimate  investi- 
gation or  reliance. 

When  the  physiologist  sees  two  distmct 
nerves,  spreading  their  branches  to  every 
part  of  the  face,  (as  in  the  Plate  of  these 
nerves,)  three  nerves  from  different  sources 
given  to  the  tongue,  four  to  the  throat, 
and  nerves  in  most  perplexing  intricacy  to 
the  neck  ;  when  he  finds  one  nerve  with 
numerous  ganglia  or  knots  upon  it,  and 
another  without  them  ;  when,  in  short, 
after  a  minute  dissection  of  the  nervous 
system,  he  finds  a  mesh,  or  network,  spread- 
ing everywhere,  it  is  not  surprising  that 
the  seeming  intricacy  and  confusion  should ^ 
make    him,    in    despair,    resign    enquiry 
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But  the  author  of  this  paper,  being  forced 
in  the  course  of  his  duty,  to  go  minutely 
over  the  demonstration  of  the  nerves,  year 
after  year,  without  allowing  himself  to 
resign  the  subject  merely  on  account  of  its 
intricacy,  and  finding  the  facts  which  he 
had  to  explain  in  his  demonstrations  of 
the  anatomy,  quite  inconsistent  with  the 
received  opinions,  he  gradually,  after  much 
study,  was  enabled  to  decypher  and  to  read 
that  language,  of  which  the  character  had 
hitherto  been  imperfectly  known ;  and  now 
even  the  youngest  students  are  brought  to 
comprehend  so  much  of  the  subject,  that 
the  idea  of  chance  or  accident,  or  real  con- 
fusion among  these  numerous  branches,  is 
entirely  dismissed  ;  and  what  remains  un- 
explained has,  by  the  success  of  our  past 
enquiries,  become  a  subject  of  peculiar  in- 
terest, from  the  conviction,  that  attention 
to  the  minute  anatomy,  under  the  guidance 
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of  cautious  and  fair  induction,  will  sooner 
or  later  lead  to  a  comprehension  of  the 
whole  system. 

Statement  of  the  object  of  the  paper. 

The  author  means  to  limit  his  present 
enquiry  to  the  nerves  of  respiration.  But 
according  to  his  conception  of  this  matter, 
these  nerves  form  a  system  of  great  extent, 
comprehending  all  the  nerves  which  serve  to 
cojnhine  the  muscles  employed  in  the  act  of 
breathing  and  speaking. 

The  first  point  of  enquiry  naturally  is, 
how  many  of  the  muscles  are  combined  in 
the  act  of  respiration?  and  the  second 
question,  by  what  means  are  these  muscles, 
which  are  seated  apart  from  each  other,  and 
many  of  them  capalble  of  performing  dis- 
tinct offices,  combined  together  in  respir- 
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ation  ?  It  may  sound  oddly  to  speak  of  the 
respiratory  nerve  of  the  face,  of  the  neck, 
and  of  the  shoulder  ;  and  it  may  be  neces- 
sary to  give  an  illustration  of  the  sense  in 
which  the  term  is  intended  to  be  employed. 
When  a  post-horse  has  run  its  stage,  and 
the  circulation  is  hurried  and  the  respira- 
tion excited,  what  is  his  condition  ? 
Does  he  breathe  with  his  ribs  only  ;  with 
the  muscles  which  raise  and  depress  the 
chest?  No.  The  flanks  are  in  violent 
action  ;  the  neck  as  well  as  the  chest  is  in 
powerful  excitement ;  the  nostrils  as  well 
as  the  throat  keep  time  with  the  motion  of 
the  chest.  So  if  a  man  be  excited  by  ex- 
ercise or  passion,  or  by  whatever  accele- 
rates the  pulse,  the  respiratory  action  is 
extended  and  increased ;  and,  instead  of 
the  gentle  and  scarcely  perceptible  motion 
of  the  chest,  as  in  common  breathing,  the 
shoulders  are   raised   at  each  inspiration, 
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the  muscles  of  the  throat  and  neck  are 
violently  drawn,  and  the  lips  and  nostrils 
move  in  time  with  the  general  action  ;  and 
if  he  does  not  breathe  through  the  mouth, 
the  nostrils  expand,  and  fall  in  time  with 
the  rising  and  falling  of  the  chest;  and  that 
apparatus  of  cartilages  and  muscles  of  the 
nose  (which  are  as  curious  as  the  mechanism 
of  the  chest,  and  which  are  for  expanding 
these  air  tubes),  are  as  regularly  in  action 
as  the  levator  and  depressor  muscles  of  the 
ribs. 

It  is  quite  obvious,  that  some  hundred 
muscles  thus  employed  in  the  act  of  breath- 
ing, or  in  the  common  actions  of  coughing, 
sneezing,  speaking,  and  singing,  cannot  be 
associated  without  cords  of  connection  or 
affinity,  which  combine  them  in  the  per- 
formance of  these  actions:  the  nerves  which 
serve  this  purpose,  1  call  respiratory  nerves. 
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The  nerves  of  the  animal  frame  are  complex^ 
in  proportion  to  the  variety  of  functions 
which  the  parts  have  to  maintain. 

When  we  minutely  and  carefully  ex- 
amine the  nerves  of  the  human  body,  and 
compare  them  with  those  of  other  animals, 
a  very  singular  coincidence  is  observed  be- 
tween the  number  of  organs,  the  compound 
nature  of  their  functions,  and  the  number 
of  nerves  which  are  transmitted  to  them. 
No  organ  which  possesses  only  one  pro- 
perty or  endowment,  has  more  than  one 
nerve,  however  exquisite  the  sense  or 
action  may  be ;  but  if  two  nerves,  coming 
from  different  sources,  are  directed  to  one 
part,  this  is  the  sign  of  a  double  function 
performed  by  it.  If  a  part,  or  organ,  have 
many  distinct  nerves,  we  may  be  certain 
that,  instead  of  having  a  mere  accumulation 
of   nervous   power,    it   possesses    distinct 
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powers,  or  enters  into  different  combina- 
tions, in  proportion  to  the  number  of  its 
nerves.  The  knowledge  of  this  circum- 
stance, gives  new  interest  to  the  investiga- 
tion of  this  part  of  anatomy. 

Thus,  in  reviev/ing  the  comparative  ana- 
tomy of  the  nerves  of  the  mouth,  we  shall 
find,  that  in  creatures  which  do  not  breathe, 
the  mouth  having  only  one  function  to 
perform,  one  nerve  is  sufficient.  In  certain 
animals  where  the  face  and  nostrils  have  no 
complexity  of  relations,  these  parts  have 
only  a  single  nerve.  If  the  throat  has  no 
complexity  of  organization,  it  has  no  va- 
riety of  nerves.  But  on  the  other  hand, 
when  the  anatomist  employs  weeks  to  dis- 
sect and  disentangle  the  nerves  of  the 
tongue,  throat,  and  palate,  in  the  human 
subject,  he  finds  at  length,  that  he  has  ex- 
hibited the  branches  of  five  different  trunks 
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of  nerves  ;  and  there  is  no  clue  to  the 
labyrinth,  until  he  considers  the  multiplied 
offices  of  the  mouth  in  man ;  that  it  is  a 
pneumatic  as  much  as  a  manducatory 
organ  ;  that  it  is  the  organ  of  the  voice 
and  of  speech,  as  of  taste  and  exquisite 
feeling.  It  would,  indeed,  be  matter  of 
surprise,  if  the  same  nerve  served  for  the 
action  of  gnawing  and  feeding  in  the  lower 
animals  of  simple  structure,  and  also  for 
the  governance  of  those  complicated  opera- 
tions, which  serve  to  interpret  the  wants 
and  sentiments  of  man. 

Such  are  the  views  which  naturally  arise, 
from  an  acquaintance  with  the  nerves  of 
the  human  body  ;  but  a  comparison  of 
them,  with  those  of  the  lower  classes  of 
animals,  enables  us  to  establish  a  more 
lucid  order ;  and  that  not  in  an  arbitrary 
manner,  but  perfectly  according  to  nature. 
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The  nerves  may  be  divided  into  two 
parts,  or  systenis ;  the  one  simple  and 
uniform,  the  other  irregular  and  com- 
plex, in  proportion  to  the  complexity  of 
organization. 

When  the  nerves  of  the  face,  mouth, 
throat,  and  neck  of  the  human  subject  are 
minutely  displayed,  it  seems  impracticable 
to  reduce  the  numerous  nerves  which  cross 
and  entwine  vi^ith  each  other  to  two  distinct 
classes ;  yet  nothing  is  more  certain  than 
that  this  may  be  done,  and  by  an  easy  and 
natural  method. 

The  principle  which  is  to  guide  us,  is 
obtained  by  ascertaining  what  parts  of  the 
organization  of  an  animal  are  necessary  to 
life  and  motion  ;  what  organs  are  super- 
added as  the  animal  advances  in  the  scale 
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of  existence,    as  necessary  to  higher  and 
more  complex  enjoyments  and  actions. 

Where  an  animal  is  endowed  with  mere 
sensation  and  locomotion,  where  there  is 
no  central  organ  of  circulation,  and  no 
organ  of  respiration  but  what  is  generally 
diffused  over  the  frame,  the  nerves  are  ex- 
tremely simple ;  they  consist  of  two  cords 
running  in  the  length  of  the  body,  with 
branches  going  off  laterally  to  the  several 
divisions  of  the  frame.  And  here  no  in- 
tricacy is  to  be  seen,  no  double  supply  of 
nerves  is  to  be  observed,  but  each  portion 
of  the  frame  has  an  equal  supply ;  and  the 
central  line  of  connection  is  sufficient  to 
combine  the  actions  of  the  muscles,  and  to 
give  them  the  concatenation  necessary  to 
locomotion. 

There  is  the  same  uniform  and  symme- 
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trical  system  of  nerves  in  the  human 
body  as  in  the  leech  or  worm  ;  although 
obscured  by  a  variety  of  superadded  nerves. 
These  additional  nerves  belong  to  organs, 
which,  tracing  the  orders  of  animals  up- 
ward, are  observed  gradually  to  accumulate 
until  we  arrive  at  the  complication  of  the 
human  frame.  These  nerves,  additional 
and  superadded  to  the  original  system,  do 
not  destroy,  but  only  obscure  that  system  ; 
and  accordingly,  when  we  separate  certain 
nerves,  the  original  system  of  simple  con- 
stitution is  presented  even  in  the  human 
body. 

The  nerves  of  the  spine,  the  tenth  or 
sub-occipital  nerve,  and  the  fifth  or  trige- 
minus of  the  system  of  Willis,  constitute 
this  original  and  symmetrical  system.  *    All 

*  The  following  note  is  from  a  paper  by  Mr.  Shaw. 
To  those  who  have  interested  themselves  in  these  dis- 
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these  nerves  agree  in  these  essential  cir- 
cumstances ;  they  have  all  double  origins  ; 


coveries,  during  their  progress,  I  need  not  say  how- 
much  I  am  obliged  to  him,  and  with  what  abihty  he  has 
advocated  my  opinions.  Often  I  have  feh  satisfied  with 
ascertaining  the  facts,  when  he  has  excited  me  to  further 
enquiry,  and  to  shape  them  for  the  pubHc. 

"  Comparison  betwixt  the  Fifth  and  the  Spinal  Nerves. 

"  1.  That  the  head  and  face,  having  many  parts  in 
every  respect  similar  to  the  neck,  trunk,  and  limbs, 
must  have  corresponding  nerves. 

"  2.  That  the  manner  in  which  the  spinal  nerves  and 
the  fifth  arise  by  double  origins,  is  very  similar. 

"  3.  That  the  ganglion  on  the  root  of  the  fifth  nerve, 
has  a  strict  resemblance  to  the  ganglia  at  the  origin  of 
the  spinal  nerves. 

"  4.  That  the  manner  in  which  the  branches  of  the  fifth 
are  distributed,  and  those  of  the  spinal  nerves,  is  the 
same. 

"  And,  lastly,  with  reference  to  the  anatomy,  we  find 
that  the  same  kind  of  connexion  exists  between  the  fifth 
and  the  sympathetic,  as  between  the  latter  and  the  spinal 
nerves.  In  their  morbid  affections,  the  similarity  also 
holds  good :  thus,  in  the  common  cases  of  hemiplegia, 
the  spinal  nerves  and  the  branches  of  the  fifth  are  simi- 
larly  affected.     In   this   disease,  the  voluntary  power 
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they  have  all  ganglia  on  one  of  their  roots ; 
they  go  out  laterally  to  certain  divisions  of 

over  the  limbs,  and  the  sensibility  of  the  side  affected, 
are  generally  destroyed ;  while  in  some  cases  the  volun- 
tary power  is  lost,  and  the  sensibility  continues  unim- 
paired, or  vice  versa.  This  variety  also  occurs  on  the 
face ;  for  the  jaw  will  drop,  and  there  will  be  all  the 
marks  of  paralysis,  while  the  sensibility  of  the  skin  and 
the  sense  of  taste  continue  entire. 

"  In  experiments  on  the  nerves  of  the  spine  and  on  the 
fifth,  we  meet  with  the  same  results.  If,  as  in  the  ope- 
ration, which  is  now  frequently  performed  on  the  nerves 
of  the  horse's  foot,  we  cut  a  spinal  nerve  after  the 
branches  are  given  off  to  the  muscles  moving  the  part, 
we  shall  destroy  only  the  sensibility  of  that  part ;  but, 
if  we  cut  the  nerve  nearer  to  the  brain,  we  shall  not 
only  destroy  the  sensibility,  but  also  the  power  of  mo- 
tion. The  same  happens  in  experiments  on  the  fifth ; 
for,  if  we  cut  a  branch  which  is  distributed  principally 
to  the  skin  of  the  lips,  we  shall  destroy  the  sensibility  of 
the  part,  but  impair  the  power  of  mastication  only  in  a 
sHght  degree;  but  if  we  divide  the  nerve  further  back, 
then  we  shall  not  only  destroy  the  sensibility  of  the  skin, 
as  in  the  first  experiment,  but  also  cut  off  the  power  by 
which  the  jaws  are  moved.  I  cut  a  branch  of  the  fifth 
upon  the  face ;  the  sensibility  of  the  corresponding  side 
of  the  lip  was  destroyed,  but  little  paralysis  ensued.  I 
cut  the  nerve  nearer  the  brain,  and  at  a  point  previous 
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the  body  ;  they  do  not  interfere  to  unite 
the  divisions  of  the  frame  ;  they  are  all 
muscular  nerves,  ordering  the  voluntary 
motions  of  the  frame  ;  they  are  all  exqui- 
sitely sensible  ;  and  the  source  of  the  com- 
mon sensibility  of  the  surfaces  of  the  body  : 
when  accurately  represented  on  paper,  they 
are  seen  to  pervade  every  part ;  no  part  is 
without  them ;  and  yet  they  are  symme- 
trical and  simple  as  the  nerves  of  the  lower 
animals.     See  Plate  I. 

If  the  nerves   be   exposed  in   a   living 

to  its  having  given  off  the  branches  to  the  muscles;  then 
the  jaw  fell,  and  the  muscles  of  that  side  were  powerless. 
I  varied  the  experiment,  by  irritating  the  nerve  where  it 
lies  in  the  spheno-palatine  fissure,  immediately  after  an 
animal  was  killed :  the  jaws  then  came  together  with 
much  force,  indeed,  so  as  to  nip  my  assistant's  finger 
severely.  This  last  experiment  may  be  compared  with 
the  very  common  one  of  galvanizing  the  nerves  which 
pass  from  the  spinal  marrow,  to  supply  the  muscles  of 
the  extremities." 
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animal,  those  of  this  class  exhibit  the 
highest  degree  of  sensibility  ;  while,  on  the 
contrary,  nerves  not  of  this  original  class 
or  system,  are  comparatively  so  little 
sensible,  as  to  be  immediately  distin- 
guished; in  so  much  that  the  quiescence 
of  the  animal  suggests  a  doubt,  whether 
they  be  sensible  in  any  degree  whatever. 
l^ihe  fifth  nerve^  and  the  portio  dura  of  the 
seventh^  be  both  exposed  on  the  face  of  a 
living  animal,  there  will  not  remain  the 
slightest  doubt  in  the  mind  of  the  experi- 
menter, which  of  these  nerves  bestows  sen- 
sibility. If  the  nerve  of  this  original  class 
be  divided,  the  skin  and  common  substance 
are  deprived  of  sensibility  ;  but  if  a  nerve 
not  of  this  class  be  divided,  it  in  no  measure 
deprives  the  parts  of  their  sensibility  to 
external  impression. 
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More  particularly  of  the  respiratory  nerves. 

The  nerves  which  connect  the  internal 
organs  of  respiration  with  the  sensibihties 
of  remote  parts,  and  with  the  respiratory 
muscles,  are  distinguished  from  those  of 
which  we  have  been  speaking  by  many 
circumstances.  They  do  not  arise  by 
double  roots;  they  have  no  ganglia  on  their 
origins ;  they  come  off  from  the  medulla 
oblongata  and  the  upper  part  of  the  spinal 
marrow;  and  from  this  origin,  they  diverge 
to  those  several  remote  parts  of  the  frame, 
which  are  combined  in  the  motion  of  re- 
spiration. These  are  the  nerves  which  give 
the  appearance  of  confusion  to  the  dissec- 
tion, because  they  cross  the  others,  and  go 
to  parts  already  plentifully  supplied  from 
the  other  system. 

The  following  are  the  nerves  to  be  enu- 
G  4 
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merated  as  respiratory  nerves^  according  to 
their  functions. 

1.  Par  vagum,  E,  *  the  eighth  of  Willis, 
the  pneumogastric  nerve  of  the  modern 
French  physiologists.  This  nerve  goes  off 
from  the  common  origin  of  the  respiratory 
nerves,  the  lateral  part  of  the  medulla  ob- 
longata ;  it  takes  its  course  to  the  larynx, 
the  lungs,  the  heart,  and  stomach.  It  asso- 
ciates these  organs  together,  which  are  at 
the  same  time  supplied  with  nerves  from 
other  sources.  Comparative  anatomy  would 
lead  us  to  infer  that  this  nerve  is  not 
essential  to  the  stomach,  as  it  does  not 
exist  but  where  there  are  heart  and  lungs 
to  associate  with  a  muscular  apparatus  of 
respiration.  That  the  stomach  must  be 
associated  with  the  muscular  apparatus  of 
respiration,  as  well  as  the  lungs,  is  obvious, 

*   These  letters  have  reference  to  the  wood-cut  at 
p.  55. 
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from  the  consideration  of  what  takes  place 
in  vomiting  and  hiccough,  which  are 
actions  of  the  respiratory  muscles  excited 
by  irritation  of  the  stomach. 

2.  Respiratory  nerve  oftheface^  G,  being 
that  which  is  called  portio  dura  of  the 
seventh.  This  nerve,  hke  the  last,  goes 
off  from  the  lateral  part  of  the  medulla  ob- 
longata^  and,  escaping  through  the  tem- 
poral bone,  spreads  wide  to  the  face.  All 
those  motions  of  the  nostril,  lips,  or  face 
generally,  which  accord  with  the  motions 
of  the  chest  in  respiration,  depend  solely 
on  this  nerve.  By  the  division  of  this 
nerve,  the  face  is  deprived  of  its  consent 
with  the  lungs,  and  all  expression  of  emo- 
tion. This  part  of  the  enquiry  will  be 
found  very  interesting. 

3.  Superior  respiratory  nerve  of  the 
trunks  D,  being  that  which  is  called  spinal 
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accessory.  This  nerve  has  exceedingly 
puzzled  anatomists,  from  the  singular 
course  which  it  pursues.  It  arises  from 
the  superior  part  of  the  spinal  marrow,  in 
a  line  with  the  roots  of  the  other  respiratory 
nerves.  Instead  of  going  directly  out  be- 
twixt the  vertebrae,  as  the  regular  spinal 
nerves  do,  it  passes  up  into  the  skull,  comes 
out  through  the  skull  with  the  par  vagum, 
and,  descending  upon  the  neck,  goes  to  the 
muscles  of  the  shoulder.  In  this  course  it 
supplies  muscles,  which  are  already  pro- 
fusely supplied  by  the  regular  system  of 
nerves. 

This  nerve  controls  the  operations  of 
the  muscles  of  the  neck  and  shoulder  in 
their  office  as  respiratory  muscles,  when,^ 
by  lifting  the  shoulders,  they  take  the  load 
from  the  chest,  and  give  freedom  to  the 
expansion  of  the  thorax.  When  it  is  cut 
across  in  experiments,  the  muscles  of  the 
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shoulder,  which  were  in  action  as  respira- 
tory muscles,  cease  their  co-operation,  but 
remain  capable  of  voluntary  actions. 

4.  Great  internal  respiratory  ?ierve.  The 
phrenic  or  diaphragmatic,  of  authors.  (See 
Plate  11.)  This  is  the  only  nerve  of  the  sys- 
tem which  has  been  known  as  a  respiratory 
nerve.  Its  origin,  course,  and  destination, 
are  so  familiar  to  every  one,  that  I  shall 
not  say  anything  more  of  it  here.  But 
there  is  another  nerve,  which  has  a  remark- 
able resemblance  to  it^  and  which,  from 
circumstances  already  noticed,  has  been  en- 
tirely overlooked.     This  is, 

5.  The  external  respiratory  nerve,  (See 
Plate  II.)  This  has  a  similar  origin  with  the 
preceding  nerve.  It  comes  out  from  the 
cervical  vertebrae,  and  is  connected  with 
the  phrenic  nerve.  It  runs  down  the  neck, 
crosses  the   cervical   and   axillary  nerves, 
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passes  through  the  axilla,  and  arrives  on 
the  outside  of  the  ribs,  where,  it  is  scarcely 
necessary  to  observe,  the  muscles  are 
already  supplied  by  nerves  coming  out  be- 
twixt the  ribs,  from  the  system  of  regular 
nerves. 

These  four  last-mentioned  nerves  govern 
the  muscles  of  the  face,  neck,  shoulders, 
and  chest,  in  the  actions  of  excited  respira- 
tion, and  are  absolutely  necessary  to  speech 
and  expression.  But  there  are  other  nerves 
of  the  same  class  which  go  to  the  tongue, 
throat,  and  windpipe,  no  less  essential  to 
complete  the  act  of  respiration.  These  are 
the  glossopharyngeal  nerve,  F,  the  lingual 
or  ninth  of  Willis,  and  the  branches  of  the 
par  vagum  to  the  superior  and  inferior 
larynx.  * 

*  It  will  be  seen  that  in  the  further  investigation  of 
this  subject,  the  4?th  nerve,  H,  was  discovered  to  belong 
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We  proceed  to  examine  these  nerves  in 
detail';  and,  first. 


Of  the  nerves  of  the  face  ^  in  xMch  it  is  shown 
that  the  two  sets  of  nerves,  hitherto  sup- 
posed to  be  sbnilar,  ^W^'^  i^  structuj^e,  sensi- 
bility, and  function,  * 

It  is  in  the  face,  that  we  have  the  best 
opportunity  of  observing  the  subservience 
of  the  nerves  to  the  uses  of  the  parts,  and 
of  ascertaining  the  truth  of  the  preceding 
doctrines.  The  human  countenance  per- 
forms many  functions  ;  in  it  we  have  com- 
bined the  organs  of  mastication,  of  breath- 
ing, of  natural  voice  and  speech,  and  of 
expression.     These  motions  are  performed 

to  this  system.  —  See  the  paper  on  the  Nerves  of  the 
Orbit. 

*  This  subject  is  illustrated  by  Plate  III.  which  re- 
presents the  nerves  of  the  face. 
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directly  by  the  will  ;  here  also  are  seen 
signs  of  emotions,  over  which  we  have  but 
a  very  limited  or  imperfect  control ;  the 
face  serves  for  the  lowest  animal  enjoyment, 
and  partakes  of  the  highest  and  most  refined 
emotions.  Happily  for  our  present  object, 
the  nerves,  which  in  other  parts  of  the 
frame  are  bound  together  for  the  con- 
venience of  distribution  to  remote  parts, 
are  here  distinct,  and  run  apart  from  each 
other  until  they  meet  at  their  extremities. 
They  take  different  courses  through  the 
bones  of  the  head,  and  come  out  upon  the 
face,  to  be  exposed  in  a  manner  which  courts 
enquiry. 

The  nerves  of  the  face  are,  first,  the  tri- 
geminuSf  or  the  5th  of  Willis,  and  that  fa- 
miliarly called  the  portio  dura  of  the  seventh, 
but  which,  in  this  paper,  will  be  called  the 
respiratory  nerve  of  the  face. 
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Of  the  trigeminus^  or  fifth  pair. 

In  all  animals  that  have  a  stomach,  with 
palpi  or  tentacula  to  embrace  their  food, 
the  rudiments  of  this  nerve  may  be  per- 
ceived ;  and  always  in  the  vermes,  that 
part  of  their  nervous  system  is  most  easily 
discerned,  which  surrounds  the  oesophagus 
near  the  mouth.  If  a  feeler  of  any  kind 
project  from  the  head  of  an  animal,  be  it 
the  antenna  of  the  lobster  or  the  trunk  of 
an  elephant,  it  is  a  branch  of  this  nerve, 
which  supplies  sensibility  to  the  member.  * 
But  this  is  only  if  it  be  a  simple  organ  of 

*  The  branches  of  the  fifth  pair  enter  the  roots  of 
the  whiskers  of  the  cat  kind,  they  being  feelers.  The 
following  is  from  a  paper  by  Mr.  Shaw  :  — 

*'  In  the  cat,  and  in  the  hare,  the  branches  of  the  fifth 
pass  not  only  to  the  muscles,  but  also  into  the  whiskers ; 
while  the  branches  of  the  facial  respiratory  nerve  go 
past  the  hairs,  and  enter  into  the  muscles,  moving  the 
tip  of  the  nostril.    It  is  rather  difficult  to  demonstrate  the 
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feeling,  and  is  not  in  its  office  connected 
with  respiration. 

From  the  nerve  that  comes  off  from  the 
anterior  ganglion  of  the  leech,  and  which 
supplies  its  mouth,  we  may  trace  up  through 
the  gradations  of  animals  a  nerve  of  taste 
and  manducation,  until  we  arrive  at  the  com- 
plete distribution  of  the  fifth,  or  trigeminus 
in  man.  (See  Plate  III.,  in  which  there  are 
its  three  grand  divisions  to  the  face.)    Here 

nerves  going  into  the  bulb  of  the  hair  in  these  smaller 
animals,  but  it  is  easily  done  in  the  phoca.  A  prepar- 
ation illustrative  of  this  fact  was  shown  to  me  some 
years  ago  in  Amsterdam,  by  professor  Vrolich ;  and  in 
the  first  number  of  the  Journal  de  Physiologie  Earpert- 
mentale,  by  M.  Magendie,  there  is  an  account  of  "  les 
Nerfs  qui  se  portent  aux  moustaches  du  Phoque,"  "by 
M.  Andral.  This  fact  of  anatomy,  which  has  been 
denied  by  some,  is  farther  demonstrated  by  the  dissection 
of  those  animals  which  have  tufts  of  hair,  or  whiskers 
over  the  eye.  In  the  American  squirrel,  I  have  traced 
the  branches  of  the  first  division  of  the  fifth  into  the 
bulbs  of  the  hairs  over  its  eyebrow." 
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in   the  highest  Jink,  as  in  the  lowest,  the 
nerve  is  subservient  to  the  same  functions. 
It  is  the  nerve  of  taste,  and  of  the  salivary 
glands  ;  of  the  muscles  of  the  jaws,  and  of 
common  sensibility.     This  nerve  comes  off 
from  the  base  of  the  brain  in  so  peculiar  a 
situation,  that  it  alone,  of  all  the  nerves  of 
the   head,    receives    roots    both   from   the 
medullary  process  of  the  cerebrum  and  of 
the   cerebellum.       A    ganglion    is   formed 
upon  it  near  its  origin,  though  some  of  its 
filaments  pass  on  without  entering  into  the 
ganglion.     Before  passing  out  of  the  skull, 
the  nerve  splits  into  three  great  divisions, 
which  are  sent  to  the  face,  jaws,  and  tongue. 
Its  branches  go  minutely  into    the    skin, 
and  enter  into  all  the  muscles,  and  they  are 
especially  profuse  to  the  lips.  * 

*  For  the  further  elucidation  of  the  function  of  the 
fifth  nerve,  see  the  paper  on  the  Eye,  and  the  Con- 
clusion. 

H 
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Of  the  respiratory  nerve  of  the  face,  being 
that  which  is  called  portio  dura  of  the 
seventh,  * 

This  nerve  does  not  exist,  except  where 
there  is  some  consent  of  motions  establish- 
ed betwixt  the  face  and  the  respiratory 
organs ;  and  this  is  the  reason  of  its  cir- 
cuitous and  prolonged  course.  In  fishes, 
this  nerve,  instead  of  being  distributed  for- 
ward to  the  face,  passes  backward  to  the 
muscles  of  the  gills.  In  fact,  there  is, 
properly,  no  portio  dura  of  the  seventh  in 
fishes,  the  nerve  resembling  it  being  a 
branch  of  the  par  vagum.  A  short  descrip- 
tion of  this  nerve  in  the  human  body,  will 
be  necessary  to  our  enquiry. 

The  respiratory  nerve  of  the  face  arises 

*  Portio  dura  nervi  acustici.  Sympatheticiis  parmis 
by  Win  slow.  Fa  dale  by  Vicq.  d'Azyr, 
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from  the  superior  and  lateral  part  of  the 
medulla  oblongata^  close  to  the  nodus  cerebri^ 
and  exactly  where  the  crus^cerebelli  joins 
the  medulla  oblongata.  The  other  respira- 
tory nerves,  which  form  so  distinguished  a 
part  of  the  nervous  system,  arise  in  a  line 
with  the  roots  of  this. 

The  nerve,  passing  into  the  internal 
auditory  foramen,  is  here  embraced  by  the 
portio  mollis ;  but  it  separates  from  it,  and 
is  received  into  an  appropriate  canal  of  the 
temporal  bone.  A  little  farther  on,  and 
while  within  the  temporal  bone,  two  cords 
of  communication  are  formed  with  the 
branches  of  the  fifth  nerve,  or  trigeminus. 
One  of  these  is  called  Vidian  nerve,  and  the 
other  corda  tympani.  By  these  communica- 
tions, nerves  go  in  both  directions;  branches 
of  the  seventh  are  sent  to  the  muscles 
at  the  back  of  the  palate  ;  while  branches 

H   2 
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of  the  fifth  nerve  (and  also  of  the  sympa- 
thetic nerve)  are  brought  into  the  interior 
of  the  ear. 

By  the  second  of  these  communications^ 
the  corda  tympanic  [which  joins  the  Hngual 
branch  of  the  fifth,  just  where  that  nerve  is 
passing  by  the  side  of  the  levator  and  aV- 
cumfleocus  palati^]  the  branches  of  this  respi- 
ratory nerve  have  access  to  the  velum  palati 
and  its  muscles. 

The  respiratory  nerve  of  the  face,  emerg- 
ing through  the  stylomastoid  foramen, 
divides  into  many  branches,  and  these  di- 
verging, spread  to  all  the  side  of  the  face. 
First,  a  branch  is  sent  to  the  muscles  of 
the  outward  ear  ;  another  is  sent,  under  the 
angle  of  the  jaw,  to  the  muscles  of  the 
throat.  The  principal  nerve  then  passes 
through  the  parotid  gland,  and  comes  upon 


FUNCTIONS  OF  THE  NERVES.      101 

the  face.  Here  the  branches  continue  to 
scatter,  to  go  upwards  upon  the  temple, 
and  downwards  upon  the  side  of  the  neck, 
forming  on  the  neck  a  superficial  plexus. 
The  principal  branches,  however,  go  for- 
ward to  the  muscles  of  the  forehead  and 
eyelids ;  a  branch  called  superior  facial  is 
sent  to  the  muscles  of  the  cheek  and  the 
side  of  the  nose ;  while  an  inferior  facial 
branch  is  given  to  the  angle  of  the  mouth, 
and  the  muscles  which  concentrate  there. 

In  this  extensive  distribution,  the  nerve 
penetrates  to  all  the  muscles  of  the  face : 
muscles,  supplied  also  with  the  branches  of 
the  fifth  pair.  I  am  not  so  certain  whether 
its  branches  penetrate  to  the  skin,  so  as  to 
accompany  the  minute  vessels  of  the  cheek. 

The  descending  or  inferior  divisions, 
which  go  under  the  lower  jaw,  and  to  the 

H   3 
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superficial  muscles  of  the  throat  and  neck, 
are  connected  with  branches  of  the  spinal 
nerves,  and  with  the  respiratory  nerves,  as 
may  be  seen  in  Plate  III. 

Its  structure. 

When  we  minutely  observe  the  texture 
of  the  respiratory  nerve  of  the  face,  we  find 
it  to  correspond  with  the  structure  of  the 
par  vagum,  and  to  differ  from  that  of  the 
trigeminus.  The  filaments  of  this  nerve 
have  a  very  close  texture,  like  a  minute 
plexus.  The  fifth,  compared  to  it,  has 
large  free  round  filaments,  with  less  intri- 
cacy in  their  texture. 

The  proportion  of  the  facial  respiratory 
nerve  to  the  fifth  is  greater  in  man  than  in 
any  other  animal.  If  we  descend  to  the 
next  link  in  the  chain  of  beings  (the  mon- 
key), we  shall  find  the  proportion  of  it  to 
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be  much  diminished,  and  that  of  the  fifth 
increased.  The  distribution  of  the  nerve 
is  more  compHcated  in  the  monkey  than  in 
the  dog,  its  intricacy  being  apparently  in 
proportion  to  the  number  of  the  muscles  of 
expression.  From  the  lion,  the  dog,  and 
cat,  we  descend  to  the  horse,  ass,  and  cow ; 
in  these  animals  there  is  a  marked  differ- 
ence in  the  distribution  of  the  nerve,  from 
that  of  either  the  monkey  or  the  dog,  for, 
excepting  a  few  branches,  which  pass  to  the 
muscles  of  the  external  ear,  and  to  the  eye- 
lid, the  whole  of  the  respiratory  nerve  is 
confined  to  the  muscles  of  the  nostrils  and 
side  of  the  mouth,  while  in  the  carnivorous 
tribes  it  is  spread  in  great  profusion  over 
the  cheeks  and  side  of  the  neck. 

There  are,  however,  some  varieties  in  the 
classes  of  graminivorous  animals.  In  the 
gazelle,  sheep,  and  deer,  the  distribution  of 
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the  nerve  is  still  more  simple  than  in  the 
horse ;  while  iii  the  camel  it  is  more  pro- 
fuse, and  is,  in  this  respect,  intermediate 
between  that  of  the  carnivorous  and  the 
graminivorous  animals.  The  expression  of 
the  enraged  camel  is  sufficiently  ferocious, 
and  the  manner  in  which  he  shows  his 
tusks,  when  dying,  is  very  similar  to  that  of 
a  carnivorous  creature. 

If  we  were  barely  to  consider  this  distri- 
bution of  the  portio  dura  of  the  seventh, 
unbiassed  by  theory  or  opinion,  we  should 
be  forced  to  conclude,  that  it  is  not  alone 
sufficient  to  supply  any  one  part  with 
nervous  power,  for  every  one  of  its  branches 
is  joined  by  divisions  of  the  fifth.  The 
question  then  naturally  arises,  whether 
these  nerves  perform  the  same  function  ? 
whether  they  furnish  a  double  supply  of 
the  same  property  or  endowment,  or  whe- 
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ther  they  do  not  perform  different  offices  ? 
Having  taken  all  the  assistance  that  the 
knowledge  of  the  human  structure  and 
comparative  anatomy  afford,  we  are  pre- 
pared to  decide  the  matter  by  experiment. 

Experiments  on  the  nerves  of  the  face. 

An  ass  being  thrown,  and  its  nostrils  con- 
fined for  a  few  seconds,  so  as  to  make  it 
pant  and  forcibly  dilate  the  nostrils  at  each 
inspiration,  the  portio  dura  was  divided  on. 
one  side  of  the  head ;  the  motion  of  the 
nostril  of  the  same  side  instantly  ceased, 
while  the  other  nostril  continued  to  expand 
and  contract  in  unison  with  the  motions  of 
the  chest. 

On  the  division  of  the  nerve,  the  animal 
gave  no  sign  of  pain  ;  there  was  no  strug- 
gle nor  effort  made  when  it  was  cut  across. 
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The  animal  being  untied,  and  corn  and 
hay  given  to  him,  he  ate  without  the 
slightest  impediment.* 

An  ass  being  tied  and  thrown,  the  supe- 
rior maxillary  branch  of  the  fifth  nerve  was 
exposed.  Touching' this  nerve  gave  acute 
pain.  It  was  divided,  but  no  change  took 
place  in  the  motion  of  the  nostril ;  the  car- 
tilages continued  to  expand  regularly  in 
time  with  the  other  parts  which  combine  in 
the  act  of  respiration  ;  but  the  side  of  the 
lip  was  observed  to  hang  low,  and  it  was 
dragged  to  the  other  side.  The  same 
branch  of  the  fifth  was  divided  on  the  op- 

*  The  unwillingness  to  make  more  experiments  than 
appeared  necessary  to  warrant  the  conclusion  which  I 
wished  to  force  attention  to,  viz.  the  difference  of  the 
fifth  and  the  portio  dura  of  the  seventh,  prevented  me, 
for  a  time,  from  seeing  the  full  importance  of  this  nerve. 
Had  the  same  nerve  of  the  opposite  side  been  cut,  the 
motion  would  have  been  obviously  defective. 
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posite  side,  and  the  animal  let  loose.  He 
could  no  longer  pick  up  his  corn;  the 
power  of  elevating  and  projecting  the  lip, 
as  in  gathering  food,  appeared  lost.  To 
open  the  lips  the  animal  pressed  the  mouth 
against  the  ground,  and  at  length  licked 
the  oats  from  the  ground  with  his  tongue. 
The  loss  of  motion  of  the  lips  in  eating 
was  so  obvious,  that  it  was  thought  a  use- 
less cruelty  to  cut  the  other  branches  of 
the  fifth.* 

The  experiment  of  cutting  the  respira- 
tory nerve  of  the  face,  or  portio  dura,  gave 
so  little  pain,  that  it  was  several  times  re- 
peated on  the  ass  and  dog,  and  uniformly 
with  the  same  effect.  The  side  of  the  face 
remained  at  rest   and  placid,   during  the 

*  What  I  attributed  to  the  effect  of  loss  of  motion  by 
the  division  of  the  fifth,  was,  in  fact,  produced  by  loss  of 
sensation,  as  will  be  shown  below. 
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highest  excitement  of  the  other  parts  of 
the  respiratory  organs. 

When  the  ass,  on  which  the  respiratory 
nerve  of  the  face  had  been  cut,  was  killed, 
which  was  done  by  bleeding,  an  unexpected 
opportunity  was  offered  of  ascertaining  its 
influence,  by  the  negation  of  its  powers  on 
the  side  of  the  face  where  it  was  cut  across* 

When  an  animal  becomes  insensible  from 
loss  of  blood,  the  impression  at  the  heart 
extends  its  influence  in  violent  convulsions 
over  all  the  muscles  of  respiration ;  not 
only  is  the  air  drawn  into  the  chest  with 
sudden  and  powerful  effort,  but  at  the  same 
instant  the  muscles  of  the  mouth,  nostrils, 
and  eyelids,  and  all  the  side  of  the  face,  are 
in  a  violent  state  of  spasm.  In  the  ass, 
where  the  respiratory  nerve  of  the  face  had 
been  cut,  the  most  remarkable  contrast  was 
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exhibited  in  the  two  sides  of  its  face  ;  for 
whilst  the  one  side  was  in  universal  and 
powerful  contraction,  the  other,  where  the 
nerve  was  divided,  remained  quite  placid. 

From  these  facts  we  are  entitled  to  con- 
clude, that  the  portio  dura  of  the  seventh  is 
the  respiratory  nerve  of  the  face ;  that  the 
motions  of  the  lips,  the  nostrils,  and  the 
velum  palati  are  governed  by  its  influence, 
when  the  muscles  of  these  parts  are  in  as- 
sociated action  with  the  other  organs  of 
respiration.  These  passages  to  the  lungs 
are  membranous  tubes,  moved  by  muscles, 
which  serve  to  expand  and  widen  them,  so 
that  the  air  may  freely  enter  into  the  lungs. 
It  is  obvious  that,  to  produce  this,  these 
muscles  must  have  a  consent  with  the  other 
muscles  of  respiration,  and  move  simul- 
taneously with  them  ;  and  this  is  effected 
through  the  respiratory  nerve  of  the  face. 
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It  shall  be  proved  in  the  sequel,  that  the 
throat,  neck,  shoulders,  and  chest,  have 
similar  nerves  to  this,  similar  in  structure 
and  function,  and  that  these  unite  all 
the  extended  apparatus  of  breathing  and 
speaking. 

The  actions  of  ^sneezing  and  coughing 
are  entirely  confined  to  the  influence  of  the 
respiratory  nerves.  When  carbonate  of 
ammonia  was  put  to  the  nostrils  of  the  ass 
whose  respiratory  nerve  had  been  cut,  that 
side  of  the  nose  and  face  where  the  nerves 
were  entire,  was  curled  up  with  the  peculiar 
expression  of  sneezing ;  but  on  the  other 
side,  where  the  nerve  was  divided,  the  face 
remained  quite  relaxed,  although  the 
branches  of  the  fifth  pair  and  the  sympa- 
thetic were  entire.  The  respiratory  nerve 
of  one  side  of  the  face  of  a  dog  being  cut, 
the  same  effect  was  produced  ;  the  action 
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of  sneezino;  was  entirely  confined  to   one 
side  of  the  face. 

These  last  experiments  show,  that  the 
peculiar  expression  in  sneezing  results  from 
an  impression  on  the  respiratory  nerves, 
and  that  the  muscles  of  the  face  are  drawn 
into  sympathy  solely  by  the  influence  of 
the  respiratory  nerve  of  the  face. 

There  is  no  part  of  the  nervous  system 
where  the  anatomy  has  been  more  negli- 
gently consulted  in  forming  our  physiolo- 
gical opinions,  than  in  what  regards  the 
office  of  the  sympathetic  nerve.  The  con- 
nections of  this  nerve,  or  rather  system  of 
nerves,  being  universal,  it  has  been  sup- 
posed that  it  was  the  cord  through  which 
the  relations  of  the  eye,  nose,  face,  throat, 
diaphragm,  &c.,  were  established,  and  espe- 
cially in  expression  ;  whereas  the  combina- 
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tion  is  effected  solely  through  those  nerves 
which,  from  their  grand  or  leading  function, 
I  have  called  the  respiratory  nerves. 

It  has  been  presumed,  that  the  act  of 
smiling  is  peculiar  to  the  human  counte- 
nance, and  that  in  no  other  creature  can 
there  arise  that  state  of  enjoyment  which 
produces  this  distinguishing  character  of 
the  human  face,  the  expression  of  benevo- 
lence, or  of  the  enjoyment  of  the  ridicu- 
lous. But  every  one  must  have  observed 
how  near  the  approach  is  to  this  expression, 
in  a  dog,  when  he  fawns  on  his  master,  and 
leaps  and  twists  his  body  and  wags  his  tail, 
while,  at  the  same  time,  he  turns  out  the 
edge  of  the  lips  as  like  a  laugh  as  his  organs 
can  express.  When  the  respiratory  nerve 
on  one  side  of  the  dog's  head  was  cut 
across,  this  motion  of  the  lips  no  longer 
took  place,  although  it  was  still  observable 
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on   the  other  side,  where  the  nerve  was 
entire. 

On  cutting  the  respiratory  nerve  on  one 
side  of  the  face  of  a  monkey,  the  very  pe- 
culiar activity  of  his  features  on  that  side 
ceased  altogether.  The  timid  motions  of 
his  eyelids  and  eyebrows  were  lost,  and  he 
could  not  wink  on  that  side ;  and  his  lips 
were  drawn  to  the  other  side,  like  a  paraly- 
tic drunkard,  whenever  he  showed  his  teeth 
in  rage. 

We  have  proofs  equal  to  experiments, 
that  in  the  human  face  the  actions  of  the 
muscles  which  produce  smiling  and  laugh- 
ing, are  a  consequence  of  the  influence  of 
this  respiratory  nerve.  A  man  had  the 
trunk  of  the  respiratory  nerve  of  the  face 
injured  by  a  suppuration  which  took  place 
anterior  to  the  ear,  and  through  which  the 


114  ON    THE    STRUCTURE    AND 

nerve  passed  in  its  course  to  the  face.  It 
was  observed,  that  in  smiling  and  laughing, 
his  mouth  was  drawn  in  a  very  remarkable 
manner  to  the  opposite  side.  The  attempt 
to  whistle  was  attended  with  a  ludicrous 
distortion  of  the  lips  ;  when  he  took  snufF 
and  sneezed,  the  side  where  the  suppura- 
tion had  affected  the  nerve  remained  placid, 
while  the  opposite  side  exhibited  the  usual 
distortion. 

Thus,  it  appears,  that  whenever  the  action 
of  any  of  the  muscles  of  the  face  is  associ- 
ated with  the  act  of  breathing,  it  is  per- 
formed through  the  operation  of  this  nerve- 
I  cut  a  tumour  from  before  the  ear  of  a 
coachman  :  a  branch  of  the  nerve  which 
goes  to  the  angle  of  the  mouth  was  divided. 
Some  time  after  he  returned  to  thank  me 
for  ridding  him  of  a  formidable  disease,  but 
complained  that  he  could  not  whistle  to  his 
horses. 


FUNCTIONS    OF    THE    NERVES.  115 

A  question  having  arisen,  whether  or  not 
the  fifth  nerve  was  a  muscular  nerve  at  all, 
an  experiment  decided  that  question.  On 
exciting  the  root  of  the  fifth  in  an  ass  re- 
cently killed,  the  jaws  were  made  to  snap 
violently ;  and  on  dividing  the  fifth  in  an- 
other ass  the  jaw  fell  down,  the  muscle 
being  incapable  of  closing  the  jaw.  This 
corresponds  with  the  symptoms  of  disease. 
We  find  paralysis  of  the  muscles  of  the  face 
without  paralysis  of  the  muscles  of  the  jaw. 
Thomas  Barret,  a  patient  in  the  hospital, 
has  his  mouth  drawn  to  the  left  ear,  and 
the  eyelids  of  the  right  side  remain  open ; 
but  the  temporal  and  masseter  muscles  re- 
tain their  power. 

Thus  it  appears  that  the  portio  dura  of 
the  seventh  nerve  is  the  principal  muscular 
nerve  of  the  face  ;  that  it  supplies  the  mus- 
cles of  the  cheek,  the  lips,  the  nostrils,  and 
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the  eyelids;  that  is,  that  it  is  the  nerve 
which  orders  all  those  actions  which  are  in 
the  remotest  connexion  with  the  act  of 
respiration.  It  is  possible  that  those  rela- 
tions may  not  be  apparent  at  first,  but  in 
the  prosecution  of  this  subject  we  shall  dis- 
cover the  reasons  of  those  links  by  which 
the  respiratory  organs  are  combined  with 
the  actions  of  the  features. 

Of  the  function  of  the  Trigeminus^  or  fifth 
nerve,  as  illustrated  by  these  experiments. 

We  have  seen  that  when  the  fifth  nerve, 
the  nerve  of  mastication  and  sensation,  was 
cut  in  an  ass,  the  animal  could  no  longer 
gather  his  food.  In  the  individual  whose 
face  was  paralyzed  on  one  side  during  the 
excited  state  of  the  respiratory  organs, 
there  could  be  observed  no  debility  or  pa- 
ralysis in  the  same  muscles  when  he  took  a 
morsel  into  his  mouth,  and  began  to  chew. 
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By  an  experiment  made  on  the  16th  of 
March,  it  was  found,  that,  on  cutting  the 
infra-orbitary  branch  of  the  fifth  nerve  on 
the  left  side,  and  the  portio  dura,  or  respi- 
ratory, on  the  right  side  of  an  ass,  the  sen- 
sibility to  pain  on  the  right  side,  where  the 
portio  dura  of  the  seventh  nerve  was  cut, 
remained  entire,  while  that  of  the  left  side 
was  completely  destroyed  by  the  division 
of  the  fifth.  It  was  also  apparent  in  this 
experiment,  as  in  the  others,  that  there  was 
the  most  marked  difference  in  the  suffer- 
ings of  the  animal,  when  these  nerves  were 
cut  across.  The  cutting  of  the  fifth  nerve 
gave  pain  in  a  degree  corresponding  with 
our  notions  of  the  sensibility  of  nerves ; 
but  in  cutting  the  portio  dura,  it  was  not 
evident  that  the  animal  suffered  pain  at  all. 

Independently  of  the  difference  of  sen- 
sibility in  these  nerves,  there  was  exhibited, 
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in  all  these  experiments,  a  wide  distinction 
in  their  powers  of  exciting  the  muscles. 
The  slightest  touch  on  the  portio  dura,  or 
respiratory  nerve,  convulsed  the  muscles  of 
the  face,  whilst  the  annual  gave  no  sign  of 
pain.  By  means  of  the  branches  of  the 
fifth  nerve,  it  was  more  difficult  to  produce 
any  degree  of  action  in  the  muscles,  al- 
though, as  I  have  said,  touching  the  nerve 
gave  great  pain. 

I  divided  the  branch  of  the  fifth  pair, 
which  goes  to  the  forehead,  in  a  man,  at 
his  urgent  request,  on  account  of  the  tic 
douloureux:  there  followed  no  paralysis  of 
the  muscles  of  the  eyebrow ;  but  in  an  in- 
dividual where  an  ulcer  and  abscess  seated 
anterior  to  the  tube  of  the  ear  affected  the 
superior  branch  of  the  respiratory  nerve, 
the  eyebrow  fell  low,  and  did  not  follow 
the  other  when  the  features  were  animated 
by  discourse  or  emotion. 
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Facts  multiply  upon  us  daily,  if  our  at- 
tention be  kept  awake  by  a  knowledge  of 
the  anatomy  of  these  nerves.     An  unfor- 
tunate man  was  brought  into  the  hospital 
who  had  put  a  pistol  loaded  with  small 
shot  to  his  right  ear.     It  tore  off  the  ear 
and  opened  a  ragged  wound   behind  the 
upright  part  of  his  jaw;  dissection   after- 
wards showed,  that   the  branches    of  the 
portio  dura^  or  respiratory  nerve  of  the  face, 
which  go  to  the  cheek  and  nose  and  mouth, 
were  destroyed,  the  branches  ascending  to 
the  eyelids  were  left  entire.     The  shot  had 
entered  by  the  meatus  externus,  and  had 
broken  up  the  thin  portion  of  the  bone 
betwixt  the  tympanum  and  the  cavity  of 
the  skull.     Notwithstanding  the  shot  was 
found  sticking  in  the  dura  mater,  under  the 
projection   of   the  wing  of  the  sphenoid 
bone,  the  divisions  of  the  fifth  nerve  were 
entire  and  unhurt.  Why,  we  may  ask,  may 
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not  such  a  wound  be  taken  as  an  experi- 
ment ?  If  it  be  rudely  made,  yet  we  have 
the  advantage  of  human  testimony.  The 
report  during  Hfe  has  this  passage  :  "  There 
is  no  want  of  sensibility  in  the  face,  or  lips, 
or  tongue  ;  but  he  cannot  draw  his  mouth 
to  the  right  side,  though  he  can  to  the  left.'* 
' — "  The  motion  of  the  right  eyelid  is 
entire." 

Thus  experiments  and  occurrences  in 
practice  leave  no  doubt  as  to  the  distinct 
offices  of  the  two  nerves  of  the  face.  There 
is  an  obscurity  in  their  office  as  regards 
the  action  of  mastication. 

The  following  circumstance  occurred  to 
a  very  learned  and  ingenious  gentleman. 
Suffering  under  the  pangs  of  toothache,  he 
took  the  sudden  resolution  of  having  his 
tooth    drawn,    and    by    an    unexperienced 
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hand ;  a  grinder  of  the  lower  jaw  was  ex- 
tracted. On  putting  a  tumbler  of  water 
to  his  lips,  he  said.  Why  have  you  given  me 
a  broken  glass?  but  he  found  presently 
that  the  glass  was  entire,  but  that  he  had 
lost  the  sensation  of  one  half  of  his  lower 
lip.  He  thought  that  he  put  half  a 
glass  to  his  lips,  because  the  lip  had  been 
deprived  of  sensation  in  one  half  of  its  ex- 
tent. He  retained  the  power  of  moving 
the  lip,  but  not  of  feeling  with  the  lip : 
and  now,  after  some  years,  he  does  not 
know  when  a  portion  of  food,  or  a  drop 
hangs  on  that  side  of  the  lip,  although 
there  be  not  the  slightest  impediment  in 
its  motions. 

This  circumstance  is  explained  on  refer- 
ence to  the  plate,  for  there  is  a  branch  of 
the  fifth  nerve  called  mandibulo4abralis^ 
coming  through  the  jaw  to  be  given  to  the 
lip.     This    nerve    was    undoubtedly    hurt 
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where  it  takes  its  course  in  the  jaw  under 
the  roots  of  the  teeth,  and  the  consequence 
was  the  loss  of  sensation  in  the  one  half 
of  the  lip  which  is  supplied  by  it.  It  is 
equally  important  in  this  investigation  to 
notice,  that  although  the  sensibility  of  the 
lip  was  destroyed  by  the  injury  of  the 
branch  of  the  fifth,  the  motion  of  the  lip 
remained  entire  through  the  operation  of 
the  portio  dura. 

These  facts  regarding  the  nerves  of  the 
lips  are  of  difficult  explanation,  until  we 
consider  what  is  necessary  to  the  simple 
act  of  feeding ;  when  a  horse  gathers  the 
oats  from  the  hand  or  from  the  ground, 
he  must  feel  the  food,  which  is  the  office 
of  the  branches  of  the  fifth  ;  he  must  move 
his  lips  under  the  direction  of  that  feeling, 
or  he  cannot  gather  it.  It  was  accordingly 
discovered  by  experiment,  that  whether  the 
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seventh  or  the  fifth  were  cut,  if  the  oper- 
ation were  done  on  both  sides  of  the  face, 
the  creature  was  deprived  of  the  power  of 
feeding,  but  from  different  causes ;  for  in 
the  first  experiment  it  was  owing  to  the 
loss  of  motion,  and  in  the  second  to  the 
loss  of  sensation. 

I  am  unable  to  decide  whether  or  not 
the  muscular  branches  of  the  fifth  nerve 
go  exclusively  to  the  muscles  of  the  jaws. 
I  have  found  in  an  individual,  that,  when 
the  cheeks  and  lips  were  twisted  by  para- 
lysis, he  possessed  the  power  of  holding 
with  his  lips  in  a  manner  that  indicated  a 
power  independent  of  the  seventh.  But 
that  the  whole  sensibihty  of  the  head  and 
face  depends  on  the  fifth  pair,  there  is  every 
possible  proof.* 

*  Mr.  Shaw  in  a  paper  on  this  subject  says,  "  In  the 
case  of  a  little  girl,  the  consequence  of  disease  of  the 
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It  will  be  askedj  why  a  nerve  called  re- 
spiratory^ should  go  to  the  ear  and  the  eye  ? 
First,  let  us  enquire,  does  it  belong  to  the 
frame  of  animal  bodies  that  there  shall  be 
in  them  indications  of  passion  ?  If  it  be 
admitted  that  this   is  the    case,    we   here 


right  po'rtio  dura  is  very  striking.  When  she  laughs 
heartily,  the  right  cheek  and  the  same  side  of  the  mouth 
are  unmoved,  while  the  muscles  of  the  left  side  are  con- 
vulsed with  laughter. 

"  If  told  to  laugh  with  the  right  side,  she  raises  the 
angle  of  the  mouth,  but  by  an  action  which  is  evidently 
regulated  by  the  fifth  pair.  This  attempt  to  laugh  gives 
a  peculiar  droll  expression  to  her  face."  But  before  we 
decide  on  this  matter,  we  must  determine  whether  or  not 
even  the  portio  dura  of  the  seventh  nerve  may  not  lose 
one  faculty  and  retain  another.  I  suspect  that  the  in- 
fluence of  passion,  as  this  of  smiling  or  laughing,  is  lost 
in  consequence  of  affections  that  do  not  destroy  the  en- 
tire power  of  the  nerve. 

I  have  observed  in  one  patient  the  motions  of  the 
eyelids  lost,  while  those  of  the  cheek  remained ;  in  ano- 
ther the  motions  of  the  cheek  lost,  while  those  of  the 
eyelids  were  entire.  These  symptoms  still  tend  to  show 
that  one  function  of  the  portio  dura  may  be  lost  with- 
out the  other. 
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learn  in  addition,  that  as  the  portio  dura  is 
the  nerve  of  respiration,  so  is  it  the  grand 
nerve  of  expression,  not  only  in  man,  but 
in  brutes  also.  All  that  excitement  seen 
in  a  dog's  head,  his  eyes,  his  ears,  when 
fighting,  disappears,  if  this  nerve  be  cut. 
The  respiratory  nerve  being  cut  across  in 
a  terrier,  the  side  of  the  face  was  deprived 
of  all  expression,  whether  he  was  made  to 
crouch,  or  to  face  an  opponent  and  snarl. 
When  another  dog  was  brought  near,  and 
he  began  to  snarl  and  expose  his  teeth,  the 
face,  which  was  balanced  before,  became 
twisted  to  one  side,  to  that  side  where  the 
nerve  was  entire ;  and  the  eyelids  being, 
in  this  state  of  excitement,  very  dijfferently 
affected,  presented  a  sinister  and  ludicrous 
expression. 

On  cutting  the  respiratory  nerve  of  the 
face  in  the  carnivorous  animals,  it  did  not 
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appear  that  the  action  of  feeding  was  left  so 
entire  as  in  the  graminivorous  animals. 
This  gave  me  reason  to  reflect  on  the  dif- 
ferent natures  of  the  two  classes.  The 
beast  of  prey  procures  his  food  under  the 
influence  of  a  blood-thirsty  appetite,  and 
suffers  a  universal  excitement;  he  holds 
and  rends  his  prey ;  and  especially  in  the 
larger  animals  of  this  class,  the  action  of 
feeding  is  accompanied  with  horrific  sounds 
of  enjoyment :  in  short,  with  a  highly  ex- 
cited state  of  the  organs  of  respiration.  In 
the  graminivorous  animals,  the  act  of  feed- 
ing is  a  simple  and  unimpassioned  exercise 
of  the  organs  of  mastication.* 

*  But  this  not  proving  a  satisfactory  solution  of  the 
difference,  and  the  statement  of  the  fifth  being  a  mus- 
cular nerve  being  doubted,  (the  author's  discoveries 
being  turned  in  argument  against  him,)  further  experi- 
ments were  continued,  and  the  fact  was  found  to  be  as 
stated  above,  —  that  the  sensibility  enjoyed  through  the 
one  nerve,  and  the  muscularity  through  the  other,  were. 
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The  author  hopes  that  these  experiments 
will  be  deemed  conclusive ;  yet  it  is  a 
pleasanter  mode  of  investigation  to  have 
recourse  to  comparative  anatomy.  There 
is  only  one  additional  instance  of  this  kind 
that  he  will  offer.  It  has  been  already 
stated  that  w^hen  a  feeler,  or  antenna,  is 
examined,  if  it  be  simply  for  sensation,  one 
nerve  only  runs  along  it.  It  was  suggested 
to  him,  that  if  this  theory  were  true,  the 
trunk  of  the  elephant  being  hollow,  and 
connected  with  respiration,  it  should  have 
two  nerves  ;  whereas,  in  the  observations  of 
Cuvier,  it  was  stated  to  have  only  one. 

Mr.  Shaw  had  an  opportunity  of  dissect- 
ing the  trunk  of  an  elephant.  He  says, 
"  From  the  great  power  which  the  elephant 


in  all  animals  which  respire  by  lungs,  equally  necessary 
to  the  act  of  feeding. 
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"  has  over  its  trunk  I  was  certain  that 
''  there  must  be  large  nerves  running  to 
'^  it,  similar  to  those  which  supply  the  fin- 
"  gers  in  man  ;  but  as  the  proboscis  forms 
"  an  important  part  of  the  respiratory  sys- 
''  tem  of  this  animal,  I  thought  in  the 
^'  dissection  of  it  there  would  be  the  most 
"  distinct  proof  of  the  accuracy  or  fallacy  of 
"  Mr.  Bell's  opinions  on  the  subject  of  the 
"  portio  dura, 

"  The  trunk  was  found  to  be  supplied 
"  not  only  by  branches  of  the  fifth  pair,  as 
"  described  by  Cuvier,  but  also  by  a  very 
"  large  branch  from  the  portio  dura  of  the 
*''  seventh  pair. 

"  The  portio  dura  in  this  elephant  was 
"  found  emerging  from  the  parotid  gland, 
"  as  in  other  mammalia.  It  gave  off  some 
"  descending  branches  to  the    neck,   but 
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"  passed  from  behind  the  jaw  to  the  pro- 
"  boscis,  almost  as  an  entke  nerve,  and  of 
"  the  size  of  the  sciatic  nerve  in  man :  in 
"  its  course  it  had  only  given  some  small 
"  branches  to  the  muscles  of  the  eye,  to 
"  those  of  the  ear,  and  to  a  small  muscle 
"  which  corresponds  with  the  platysma. 
"  Before  it  passed  into  the  substance  of  the 
"  proboscis,  it  united  with  the  second  divi- 
"  sion  of  the  fifth  pair,  which  comes  for- 
"  ward  from  the  infra-orbital  hole,  in  two 
"  large  branches.  The  two  nerves  being 
"  then  closely  united,  passed  between  the 
"  layers  of  the  muscles,  which  form  the 
"  greater  mass  of  the  trunk.  The  portio 
"  dura  became  quickly  diminished  in  size, 
"  as  it  gave  off  its  branches  in  great  pro- 
"  fusion  to  the  muscles :  but  the  fifth  was 
"  continued  down,  as  a  very  large  nerve,  to 
"  nearly  the  extremity  of  the  trunk ;  in 
"  this  respect  resembling  the  nerves  to  the 
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"  fingers  in  man.  On  making  sections  of 
''  the  proboscis,  near  its  extremity,  a  great 
"  number  of  these  nerves  were  seen  in  its 
"  substance. 

"  A  few  branches  of  the  portio  dura  ran 
''  to  the  valvular  apparatus  in  the  upper 
"  part  of  the  trunk ;  but  this  peculiar 
"  structure  was  supplied  principally  by  a 
"  branch  from  the  fifth  pair,  which  winded 
"  round  under  the  orbit." 

Having  brought  this  investigation  to  a 
conclusion,  some,  perhaps,  fatigued  by  its 
details,  may  ask  to  what  does  this  discus- 
sion lead  ? 

Were  we  to  enquire  no  farther,  and  to 
rest  content  with  the  inference,  that  the 
two  sets  of  nerves  distributed  to  the  face 
have   distinct   functions;    even  this   must 
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prove  useful  both  to  the  surgeon  and  physi- 
cian. To  the  surgeon  it  must  be  useful,  in 
performing  operations  on  the  face,  as  well 
as  in  observing  the  symptoms  of  disease.  If 
we  have  to  plan  an  incision  on  the  face,  we 
must  take  especial  care  to  avoid  cutting  the 
branches  of  the  seventh  nerve,  for  then  there 
will  be  paralysis  of  the  muscles  supplied 
by  that  nerve.     Whereas,   if  we  divide  the 

fifth  nerve,  though  there  may  be  more  pain 
during  the  operation,  and  a  defect  of  sen- 
sibility following  it,  no  unseemly  distortion 
will  be  produced.  To  produce  paralysis 
as  a  consequence  of  an  operation  which  was 
meant  to  remove  deformity,  is  a  consider- 
able mistake ;  but  even  worse  consequences 
may  result  from  an  ignorance  of  the  dis- 
tinct nature  of  these  nerves  ;  if,  trusting  to 
the  eyelids  being  supplied  by  the  branches 
of  the  fifth  nerve,  a  surgeon,  in  opening  an 
abscess  or  cutting  out  a  tumour,  should 
K   2 


132  ON    THE    STRUCTURE    AND 

divide  the  division  of  the  seventh  which 
goes  to  the  eyelids,  the  consequence  would 
be  very  unfortunate.  The  eyelids  thence- 
forward w^ould  stand  apart,  the  eye  would 
be  permanently  uncovered,  and  the  cornea 
become  opaque,  and  the  vision  of  the  eye 
be  lost. 

By  a  knowledge  of  the  distinct  functions 
of  the  nerves  of  the  face,  combined  with  a 
knowledge  of  their  roots  or  origins  in  the 
brain,  we  become  better  able  to  compre- 
hend symptoms  when  they  are  consequent 
on  disease  in  the  bones,  or  in  the  base  of 
the  brain,  or  result  from  injury  to  the 
skull  or  brain,  as  in  the  case  of  gun-shot. 

To  the  physician  the  facts  ascertained  in 
this  paper  must  also  be  important ;  he  will 
be  better  able  to  distinguish  between  that 
paralysis  which  proceeds    from  the  brain. 
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and  that  partial  affection  of  the  muscles  of 
the  face,  when,  from  a  less  alarming  cause, 
they  have  lost  the  controlling  influence  of 
the  respiratory  nerve.  How  often  have  I 
seen  a  gland  affecting  a  branch  of  the  por- 
tio  dura  mistaken  for  a  disease  in  the  brain 
itself,  because  it  was  not  known  that,  al- 
though the  fifth  nerve  was  free,  the  pres- 
sure on  the  seventh  nerve  was  sufficient  to 
paralyze  the  muscles  of  the  side  of  the 
face.  The  disease  of  the  bone  at  one  time 
affecting  the  fifth  nerve,  and  producing 
excessive  pain  of  the  face  without  paraly- 
sis; at  another,  affecting  the  seventh  nerve, 
and  inducing  paralysis  without  pain,  are 
now  phenomena  accounted  for. 

Cases  of  partial  paralysis  must  be  fami- 
liar to  every  medical  observer.     It  is  very 
frequent  for  young  people  to  have  what 
is   vulgarly   called  a   blight  ;  by   which  is 
K   3 
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meant,  a  slight  palsy  of  the  muscles  on 
one  side  of  the  face,  and  which  the  physi- 
cian knows  is  not  formidable.  Inflamma- 
tions of  glands  seated  behind  the  angle  of 
the  jaw  will  sometimes  produce  this ;  be- 
fore these  observations,  it  would  have  been 
said,  that  paralysis  could  not  be  so  pro- 
duced, because  the  parts  are  plentifully 
supplied  by  the  branches  of  the  fifth  nerve. 
All  such  affections  of  the  respiratory  nerve 
will  now  be  more  easily  detected ;  the 
patient  has  a  command  over  the  muscles 
of  the  face,  he  can  close  the  lips,  and  the 
features  are  duly  balanced  ;  but  the  slight- 
est smile  is  immediately  attended  with 
distortion,  and  in  laughing  and  crying  the 
paralysis  becomes  quite  distinct. 

The  fact  appears  to  be,  that  the  respira- 
tory motions  of  the  face  produced  by  the 
influence  of  this  nerve  are  subject  to  de- 
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rangement  from  slight  causes  ;  by  causes 
which  do  not  influence  the  general  nervous 
system,  nor  even  the  other  functions  of  the 
seventh  nerve.  We  shall  see  in  the  next 
paper,  that  this  character  belongs  to  other 
branches  of  the  same  system  in  their  dis- 
tribution to  the  trunk. 

The  knowledge  of  the  sources  of  expres- 
sion teaches  us  to  be  more  minute  ob- 
servers. The  author  had  lately  to  watch 
the  breathing  of  an  infant  which  had  been 
several  times  restored  from  a  state  of  in- 
sensibility. At  length  the  general  powers 
fell  low,  without  any  returning  fit ;  insen- 
sibility and  loss  of  motion  stole  over  the 
frame ;  all  but  the  actions  excited  by  the 
respiratory  nerves  ceased  ;  then  each  act  of 
respiration  was  attended  with  a  twitching 
of  the  muscles  of  the  ala  nasi,  and  of  that 
muscle  of  the  cheek  which  makes  the  dim- 
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pie  in  smiling.  Jt  was  then  evident  that 
the  child  could  not  recover ;  that  all  but 
the  system  of  respiratory  nerves  had  lost 
their  powers. 

There  are  conditions  of  the  lungs,  when 
the  patient  is  in  great  danger,  and  yet  the 
inflammation  is  not  marked  by  the  usual 
signs  of  pain  and  difficult  motion  of  the 
chest.  We  shall  see  nothing  but  the 
twitching  of  those  muscles  of  the  face, 
which  are  animated  by  the  respiratory 
nerve.  We  see  a  certain  unusual  dilatation 
of  the  nostrils,  and  a  constrained  motion  of 
the  lips,  which  with  the  change  of  voice  is 
just  sufficient  to  give  alarm,  and  indicate 
the  patient's  condition.  This  is  a  state  of 
the  lungs  very  often  produced  after  severe 
accidents,  as  gun- shot  wounds,  and  after 
great  surgical  operations. 
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These  circumstances  are  stated  to  prove, 
that  the  subject  of  expression  is  not  foreign 
to  medical  studies ;  and  certainly,  by  at- 
tention to  the  action  of  the  muscles  of  the 
face,  we  shall  find  the  views  drawn  here 
from  the  anatomy  farther  countenanced. 
We  learn  that  smiling  is  an  affection  of  the 
nerve  of  respiration  on  the  muscles  of  the 
face,  and  that  when  laughter  shakes  the 
sides,  it  is  only  an  extended  and  more 
convulsive  action  of  the  muscles  produced 
by  the  same  class  of  nerves.  When  to  the 
paleness  and  coldness  and  inanimation  of 
grief,  there  is  added  the  convulsive  sob 
and  the  catching  of  the  throat,  and  the 
twitching  of  the  lips  and  nostrils,  we  dis- 
cover the  same  class  of  nerves  to  be  af- 
fected, which,  in  crying,  are  only  more 
obviously  in  operation,  producing  more 
violent  contractions. 
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In  all  the  intermediate  emotions  between 
these  extremes,  the  varieties  of  expression 
in  the  face  are  produced  by  the  opposition 
of  the  two  powers  affecting  the  same  mus- 
cles ;  the  one  is  a  voluntary  power,  by 
which  we  restrain  the  features  and  conceal 
emotion ;  the  other  is  an  involuntary 
power,  which  cannot  be  always  controlled, 
but  which  will  sometimes  have  sway  and 
mingle  its  influence.^ 

CONCLUSION. 

When  the  account  of  the  nerves  of  the 
throat,  neck,  and  chest,  shall  be  laid  before 
the  Royal  Society,  as  those  of  the  face  have 
now  been,  and  when  a  comparison  shall  be 
made  of  the  varieties  in  nerves  correspond- 

*  This  subject  of  expression  is  treated  by  the  author 
in  a  distinct  volume  of  essays. 
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ing  with  the  changes  in  the  mechanism  of 
respiration  in  different  animals,  a  juster 
estimate  may  be  formed  of  the  importance 
of  these  observations.  Then  the  same  dis- 
tinctions of  structure  and  function,  which 
are  made  manifest  in  the  nerves  of  the 
face,  will  be  observed  in  nerves  which  take 
an  extensive  course  through  the  body. 
We  shall  be  able  to  distinguish  and  separ- 
ate the  nerves  of  respiration,  amidst  the 
apparent  intricacy  of  the  general  system. 
By  cutting  across  these  nerves  of  respir- 
ation, we  shall  find  it  possible  successively 
to  stop  the  motions  of  the  several  parts, 
which  unite  in  the  act  of  respiration ;  not 
only  to  stop  the  motion  of  the  diaphragm, 
but  the  motions  of  the  side,  of  the  shoulder, 
of  the  larynx  or  the  pharynx,  by  cutting 
their  respective  respiratory  nerves.  When 
this  is  done,  they  will  be  left  in  the  exer- 
cise of  their  other  functions  through  their 
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other  nerves,  and  still  alive  to  other  ex- 
citements, and  capable  of  performing  the 
voluntary  motions,  though  dead  to  the  in- 
fluence of  the  heart  and  lungs. 

By  thus  distinguishing  the  nerves  of 
respiration,  and  as  it  were  separating  them 
from  the  others,  we  reduce  the  remaining 
part  of  the  nervous  system  to  comparative 
simplicity.  The  seeming  intricacy  in  the 
branching  of  the  nerves,  their  convergence 
to  certain  organs  from  different  origins, 
their  re-union  and  divergence,  instead  of 
being  a  source  of  confusion,  becomes  a 
subject  of  the  highest  interest.  The  re- 
union and  crossing  of  nerves  we  now  as- 
certain to  be  for  the  purpose  of  associating 
the  muscles  into  different  classes,  for  com- 
bining them  in  subserviency  to  different 
organs,  and  placing  them  under  the  guid- 
ance of  a  sensibility  more  certain  in  its 
operation  than  the  will. 
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By  these  observations,  simplicity  and 
arrangement  are  now  the  characters  of  our 
anatomical  demonstrations,  and  a  better 
foundation  is  afforded  for  discovering  and 
comprehending  the  symptoms  of  disease. 


EXPLANATION  OF  PLATE  IIL 
Being  a  View  of  the  Nerves  of  the  Head. 

In  this  plate  the  two  distinct  classes  of 
nerves  which  go  to  the  face  are  represented; 
the  one  to  bestow  sensibihty,  and  the  other 
for  motion,  and  particularly  for  the  motions 
of  speaking  and  expression,  that  is^  the  mo- 
tions connected  with  the  respiratory  organs. 

The  nerves  on  the  side  of  the  neck  are 
also  represented.  These  I  have  discovered 
to  be  double  nerves,  performing  two  func- 
tions ;  they  controul  the   muscular  frame, 
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and  bestow  sensibility  on  the  skin.  Be- 
sides these  regular  spinal  nerves,  which  are 
for  the  common  endowments,  the  nerves 
of  the  throat  are  represented.  These  latter 
nerves  are  the  chords  of  sympathy  which 
connect  the  motions  of  the  neck  and 
throat  with  the  motions  of  the  nostrils  and 
lips,  not  merely  in  swallowing  and  during 
excited  respiration,  but  in  the  expression 
of  passion,  &c. 

A.  The  respiratory  nerve  of  the  face,  or  according  to 

authors,  the  portio  dura  of  the  seventh  nerve. 
a.     Branches  ascending  to  the  temple  and  side  of  the 

head. 
h.      Branches  which  supply  the  eye- lids. 

c.  Branches  going  to  the  muscles  which  move  the  nos- 

trils. 

d.  Branches  going  down  upon  the  side  of  the  neck  and 

throat. 
<?.      Superficial  cervical  plexus. 
ff.    Connections  formed  with  the  cervical  nerves, 
g,     A  nerve  to  the  muscles  on  the  back  of  the  ear. 

B.  The  eighth  nerve,  par  vagum,  or  grand  respiratory 

nerve. 
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C.  The  superior  respiratory  nerve  or  spinal  accessory 

nerve. 

D.  Ninth  nerve  or  lingualis. 

E.  Diaphragmatic  nerve. 

F.  Sympathetic  nerve. 

G.  Laryngeal  nerve. 

H.    Recurrent  laryngeal  nerve. 
I.       Glosso  pharyngeal  nerve. 

I.  Frontal  nerve,  a  branch  of  the  fifth. 

II.  Superior  maxillary  nerve,  a  branch  of  the  fifth. 

III.  Mandibula  labralis,  a  branch  of  the  fifth. 

IV.  Temporal  branches  of  the  second  division  of  the 

fifth. 

V.  The  suboccipital  nerve.     The  first  of  the  spine. 

VI.  The  second  spinal  nerve. 

VII.  VIII.     Spinal  nerves. 


I  shall  add  here  some  familiar  instances 
and  cases  to  show  the  importance  of  the 
knowledge  of  the  nerves  of  the  face  in  the 
investigation  of  disease. 

"  J.  Richardson^  October,  1820. — On  first 
looking  at  this  man,  there  does  not  appear 
to  be  any  thing  unusual  in  the  state  of  his 
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face ;  but  the  moment  he  speaks  or  smiles, 
the  mouth  is  drawn  to  the  left  side.  When 
he  laughs,  the  distortion  is  increased  ;  and 
when  he  sneezes,  the  difference  between 
the  two  sides  is  quite  extraordinary. 

"  On  holding  ammonia  to  his  nose,  it  was 
observed  that  he  could  not  inhale  freely 
with  the  right  nostril ;  and,  on  examining 
the  state  of  the  muscles,  when  the  act  of 
sneezing   was    excited    by    the    ammonia 
snuffed  up  by  the  left  nostril,  it  was  found, 
that  not  only  those  of  the  right  side  of  the 
nose  and  mouth,  but  also  of  the  eyelids,  were 
passive,  while  all  the  muscles  of  the  left  side 
were  in  full  action.     When  he  blew,  or  at- 
tempted to  whistle,  the  air  escaped  by  the 
right  angle  of  the  mouth,  the  right  bucci- 
nator not  at   all   corresponding  in   action 
with  the  muscle  of  the  left  side,  nor  with 
that  of  the  muscles  of  the  chest  and  neck. 
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by  which  the  air  was  expelled.  The  sensi- 
bility of  the  paralysed  cheek  was  equal  to 
that  of  the  other  side,  and  he  could  close 
his  jaws  with  equal  force  on  both  sides." 

The  early  history  of  the  case,  according 
to  the  account  given  by  the  patient's 
friends,  was  this  :  — 

"  He  was  seized  with  a  severe  pain  under 
the  ear,  and  in  a  short  time  became  so  de- 
lirious, and  his  face  so  distorted,  that  the 
people  in  whose  house  he  lodged,  suppos- 
ing him  to  be  mad  from  brain  fever,  carried 
him  to  the  parish  work-house.  There  he 
lay  until  his  friends  discovered  him,  and 
brought  him  into  the  hospital.  It  was  then 
found,  that  the  phrensy  which  had  led  the 
people  of  the  lodging-house  to  suppose  that 
he  was  mad,  was  only  a  high  state  of  deli- 
rium, in  consequence  of  a  severe  attack  of 
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cynanche  parotidea ;  indeed,  the  inflamma- 
tion had  run  so  high,  that  an  abscess  formed 
and  burst  under  the  ear.  When  the  swell- 
ing subsided  the  degree  of  paralysis  was 
very  observable. 

The  delirium  and  the  paralysis  of  the 
face  naturally  led  the  medical  gentlemen, 
who  first  saw  this  patient,  to  suppose  that 
the  symptoms  were  caused  by  an  affection 
of  the  brain.  Luckily,  the  treatment  gene- 
rally followed  in  cases  of  phrenitis,  was  best 
adapted  for  the  particular  affection  which 
had  caused  both  the  delirium  and  the 
paralysis.  The  portio  dura  being  engaged 
in  the  inflammation  under  the  ear,  was  the 
true  cause  of  the  paralysis. 

For  the  next  case  I  am  indebted  to  a 
physician  in  Worcester  :  — 
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Worcester,  July  25,  1824. 

**  Dear  Sir, 

"  My  acquaintance  with  the  nature  of 
your  late  researches  upon  the  functions  of 
the  nerves  induces  me  to  send  you  the  fol- 
lowing case: — 

"  A  young  gentleman,  aged  14,  residing 
in  the  village  of  Kempsey,  in  this  county, 
was  observed  by  his  family  to  have  the  ex- 
pression of  his  countenance  much  altered. 
As  long  as  the  features  were  quiet  nothing 
unusual  was  observable  in  the  countenance; 
but  as  soon  as  any  passion  was  excited  the 
expression  of  the  face  was  so  different  to 
what  was  natural  to  him,  that  his  brothers 
and  others  of  the  family  complained  of  his 
'  making  faces  at  them.'  He,  in  fact,  only 
smiled,  laughed,  or  frowned  upon  the  left 
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side  of  his  face,  the  muscles  of  the  right 
side  remaining  inactive  ;  and^  as  they  pas- 
sively yielded  to  the  contraction  of  the 
muscles  of  the  left  side,  the  countenance, 
of  course,  was  much  distorted  whenever 
these  were  called  into  action.  He  lost  the 
power  of  whistling,  and,  for  the  same  rea- 
son, of  blowing,  and  was  unable  to  close  his. 
right  eye.  The  sensibility  of  the  right  side 
was  as  perfect  as  that  of  the  left.  He  was 
quite  unconscious  of  any  change  in  himself, 
and  was  not  at  all  aware  of  the  distortion 
of  his  countenance  when  he  smiled,  &c. 
This  affection  did  not  occur  suddenly,  but 
seemed  gradually  to  increase,  and  became 
so  evident  in  the  course  of  a  week,  as  to  in- 
duce the  father  of  the  young  man  to  send 
for  his  apothecary,  Mr.  Bick,  of  Kempsey. 
When  Mr.  B.  saw  him  he  found  the  symp- 
toms as  above  stated ;  but  upon  examining 
the  right  side  of  the  face  more  minutely  he 
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discovered  a  fulness  immediately  beneath 
the  right  ear,  produced  by  a  hard,  fixed, 
and  indolent  tumour,  lying  between  the 
ramus  of  the  lower  jaw  and  the  mastoid 
process  of  the  temporal  bone. 

"  He  ordered  him  some  aperient  medi- 
cine, and  directed  the  tumour  to  be  rubbed 
with  camphorated  oil.  In  a  fortnight  the 
tumour  disappeared,  and  with  it,  gradually, 
the  paralysis  of  the  muscles  of  that  side  of 
the  face.  It  is  a  fortnight  since  Mr.  Bick 
first  saw  him,  and  he  has  now  recovered 
every  power,  excepting  that  of  blowing  or 
whistling.  I  saw  him  several  times  during 
the  progress  of  his  cure.  It  appears  to  me 
that  the  portio  dura  of  the  seventn  pair  was, 
in  this  case,  injured  by  the  pressure  of  an 
enlarged  gland  soon  after  its  emergence 
from  the  stylo-mastoid  foramen,  and  that 
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upon  the  removal  of  the  pressure  its  func- 
tions were  restored. 

"  I  remain,  dear  sir, 

"  Your  obedient  servant, 

"  Jonas  Malden,  M.  D.'^ 


The  danger  to  which  the  eye  is  exposed 
by  paralysis  of  the  portio  dura,  or  by  any 
operation  on  the  face,  in  which  its  functions 
are  not  attended  to,  is  well  illustrated  by 


the  following  case 


"  This  poor  man,  about  nineteen  years 
ago,  was  attacked  by  a  severe  pain  accom- 
panied with  discharge  from  the  right  ear. 
After  a  paroxysm  severer  than  usual,  he 
found,  on  getting  up  one  morning,  that  the 
right  side  of  his  face  was  paralytic.  His 
present    condition,     and    the    description 


FUNCTIONS  OF  THE  NERVES.     151 

which  he  gives  of  the  progress  of  the 
symptoms,  prove  that  the  same  results 
followed  this  paralysis,  as  in  the  instances 
already  related.  But  what  this  poor  fellow 
particularly  laments  is,  that  since  the  day  he 
was  first  attacked,  he  has  not  been  able  to 
close  his  right  eye  ;  and  well  he  may  regret 
this,  for  the  constant  exposure  of  the  eye 
to  the  light  and  dust  has  been  the  cause  of 
many  attacks  of  inflammation,  and,  con- 
sequently, of  opacity  of  the  cornea,  so  that 
the  vision  is  now  entirely  lost.  This,  1 
fear,  will  often  occur  in  similar  cases,  for 
I  have  observed  that  the  eye  has  always 
become  inflamed  in  those  animals  in  which 
the  portio  dura  has  been  cut.  It  is  worthy 
of  remark,  that  the  inflammation  has  been 
more  severe  in  the  dog  and  in  the  ass  than 
in  the  monkey.  One  great  source  of  the 
increase  of  the  inflammation  is  the  purulent 
secretion  from  the  conjunctiva;    this   the 
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monkey  wiped  away  with  his  hand ;  but  it 
lodged  between  the  eyeUds  of  the  dog  and 
of  the  ass,  so  as  to  form  an  additional  source 
of  irritation." 

The  ultimate  effects  of  the  loss  of  power 
over  the  muscles  of  the  face,  in  consequence 
of  an  affection  of  the  portio  dura,  are  shown 
in  the  following  extract :  — • 

"  A  most  remarkable  appearance  in  the 
face  of  Garrity  is  the  wasting  of  all  those 
muscles  of  the  face  which  are  subservient 
to  respiration  and  expression.  His  cheek 
is  so  thin  that  when  he  speaks  it  flaps  about 
as  if  it  were  only  skin,  and  the  corrugator 
supercilii  and  occipito-frontalis,  which  are 
principally  muscles  of  expression,  are  so 
wasted,  that  we  might,  at  first  sight,  suppose 
they  had  been  removed  by  operation,  and 
that  now  the  bones  were  only  covered  by 
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skin.  There  can  be  little  doubt  that  the 
wasting  of  these  muscles  has  been  in  con- 
sequence of  their  long  inactivity  ;  since  the 
masseter  and  temporalis  muscles  of  the  same 
side,  which  re  1  ain  their  office,  are  not  at 
all  diminished  in  size,  being  as  large  as 
those  of  the  opposite  side." 

A  curious  example  of  a  contrary  effect 
produced  on  the  growth  of  the  muscles 
of  respiration  and  expression,  by  an  in- 
jury of  the  portio  dura,  was  afforded  in 
an  experiment  made  upon  a  young  dog. 
After  the  nerve  was  cut  he  was  taught 
to  snarl  whenever  a  stick  was  held  out 
to  him  ;  this  being  often  repeated,  the 
muscles  of  the  side  upon  which  the  nerve 
was  entire,  became  very  strong,  while 
those  on  the  paralysed  side  rather  dimi- 
nished than  increased  as  the  dog  grew  older. 
In  a  few  months  the  one  side  of  the  face 
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was  much  larger  than  the  other.  Every 
day  we  see  similar  results  following  palsy 
of  the  muscles  of  the  limbs. 

Many  instances  will  now  occur  to  my 
reader  of  cases  where  the  paralysis  of  the 
face,  consequent  on  a  local  affection  of  the 
portio  dura,  has  been  mistaken  for  an  attack 
of  apoplexy,  and  the  patient  treated  ac- 
cordingly. In  one  case  the  patient,  after 
having  undergone  the  discipline  of  bleed- 
ing, purging,  and  starving,  and  after  having 
had  his  head  shaved  and  blistered,  was  sud- 
denly cured  by  the  bursting  of  an  abscess 
in  his  ear. 

In  another  case,  the  disease  commenced 
with  a  violent  pain  below  the  ear,  and  in  a 
short  time  one  side  of  his  face  became  pa- 
ralysed. For  this  paralytic  affection  he  con- 
sulted many  eminent  men.    The  first  plan  of 
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treatment  was  bleeding, blistering,  and  starv- 
ing, the  disease  being  supposed  to  have  its 
origin  in  the  brain  ;  but  as  he  got  rather 
worse  than  better  under  this  treatment,  he 
was  put  upon  a  course  of  mercury,  which  was 
carried  to  such  an  extent,  that  he  lost  several 
of  his  teeth.  After  he  recovered  from  the 
bad  effects  of  the  mercury,  he  was  recom- 
mended to  attend  only  to  the  state  of  his 
digestive  organs.  But  the  blue  pill  had  no 
effect  upon  the  distortion.  The  last  advice 
which  this  gentleman  received  was  to  wear 
an  issue  in  his  neck  ;  with  this,  however,  he 
has  not  complied,  as  he  feared  it  would, 
like  some  of  the  other  remedies,  have 
the  effect  of  rendering  him  more  uncom- 
fortable. 

A  great  many  cases,  somewhat  similar, 
have  been  presented  to  me  by  my  pupils  ; 
I  will  add  only  three  other  instances,  two  of 
which  are  from  papers  by  Mr.  Shaw. 
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The  first  regards  a  patient  who  had  suf- 
fered an  attack  of  common  apoplexy;  it  may 
be  offered  in  example  of  that  train  of  symp- 
toms which  is  consequent  on  an  affection  of 
the  original  or  symmetrical  system  of  nerves, 
and  as  distinguishable  from  those  which  fol- 
low an  affection  of  the  superadded  class.  The 
second  is  of  a  man,  in  whom  both  the  portio 
dura  and  the  fifth  had  been  injured  by  ablow ; 
and  the  third  is  of  a  patient  in  whom  both 
these  nerves  seem  to  have  been  affected  by 
a  disease  within  the  skull. 

J.  Cooper.  —  This  man's  general  ap- 
pearance is  completely  that  of  an  old  para- 
lytic, but  the  distortion  of  his  face  is  more 
remarkable  than  usual,  in  consequence  of 
the  right  or  paralyzed  side  being  marked 
with  a  red  blotch. 

The  arm  and  leg  of  the  same  side  are 
nearly  powerless,  his  intellects  are  much' 
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impaired,  and  his  memory  gone.  The  his- 
tory of  his  case  was  given  very  clearly  by 
his  wife  ;  according  to  her  account,  her  hus- 
band was,  for  the  first  time,  attacked  with 
apoplexy  about  seven  years  ago ;  from  this 
attack  he  gradually  recovered,  but  at  the 
end  of  twelve  months  he  was  a  second  time 
seized,  and,  since  that  period,  he  has  had 
two  distinct  attacks  every  year ;  for  the  last 
two  or  three  years  he  has  been  nearly  in  the 
same  condition  as  at  present. 

State  of  the  cheeks  and  month.  —  When 
he  is  made  to  laugh,  the  right  cheek  rises 
in  the  same  degree  with  the  left ;  when  he 
blows  (he  always  bursts  into  a  laugh  when 
asked  to  whistle),  the  buccinator  of  the 
right  cheek  is  in  as  much  action  as  on  the 
other  side.  When  his  nose  is  irritated 
by  snuffing  ammonia,  the  actions  of  the 
muscles,  preparatory  to  sneezing,  are  equal 


158  ON    THE    STRUCTURE    AND 

on  both  sides  of  the  face.  These  phe- 
nomena prove  that  the  muscles  of  both 
cheeks  are  perfect  in  their  actions  as  far  as 
they  are  regulated  by  the  respiratory  nerve; 
they  stand  in  contrast  with  the  state  of  the 
same  muscles  in  the  cases  related,  pages  143 
and  146,  when  the  act  of  sneezing  was  ex- 
cited. 

The  next  inquiry  related  to  the  influence 
of  the  .branches  of  the  fifth  pair  of  nerves. 

The  right  cheek,  and  the  right  side  of 
the  mouth,  fall  lower  than  the  left.  When 
a  piece  of  bread  was  put  between  the  teeth 
and  right  cheek,  the  patient  could  not  push 
it  from  its  place,  but  was  obliged  to  pick  it 
out  with  his  tongue.  The  saliva  constantly 
flows  from  the  right  side  of  his  mouth,  and 
when  drinking,  part  of  the  fluid  escapes 
from  the  same  side.     The  loss  of  the  sen- 
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sibility  of  the  orbicularis  oris  was  farther 
shown  by  the  inability  to  hold  a  pencil, 
or  a  tobacco-pipe,  in  the  right  side  of  his 
mouth. 

The  comparative  degree  of  sensibility  in 
the  two  cheeks  was  next  examined  ;  when 
he  was  pricked  on  the  right  cheek  with  a 
needle  he  seemed  perfectly  insensible,  even^ 
though  I  drew  blood,  but  on  giving  the 
least  prick  to  the  left  side,  he  immediately 
started ;  the  same  difference  in  the  degree 
of  sensibility  was  observable  -in  pulling  a 
hair  from  each  whisker  (the  sensibility  of 
the  right  and  left  Hmb  corresponded  with 
that  of  the  cheeks). 

On  putting  hartshorn  to  the  right  nos- 
tril he  inhaled  it  as  well  as  with  the 
left,  and  immediately  all  the  symptoms  ob- 
servable in  a  person  about  to  sneeze  were 
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presented.*  As  the  nose  was  turned  up, 
and  the  alae  nasi  of  both  sides  were  equally 
in  action,  this  was  a  sufficient  proof  of  the 
state  of  the  paralyzed  side  being  here  very 
different  from  the  condition  described  in  the 
foregoing  cases.  The  power  of  the  fifth  over 
the  nose  was  tried  :  by  tickling  the  inside  of 
the  right  nostril  no  effect  was  produced;  but 
on  tickling  the  left  nostril  the  symptoms  of 
sneezing  were  again  evident. 

The  motion  of  the  eye  was  perfect. 

He  could  close  the  eyelid  of  the  para- 
lyzed side  as  well  as  the  other  ;  and  when 
his  nose  was  irritated  by  the  hartshorn,  or 
when  he  laughed,  the  orbicularis  oculi  and 

*  The  apparent  sensibility  of  the  nostril  over  which  the 
fifth  had  lost  its  influence  may  be  explained,  by  supposing 
that  the  fumes  of  the  ammonia  passed  by  the  posterior 
nares  to  the  other  nostril,  and  thus  caused  sneezing. 
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corrugator  supercilii  were  in  complete 
action,  so  that  there  was  not  here  that  hea- 
viness in  the  expression  of  the  upper  part 
of  the  face,  which  is  so  remarkable  in 
paralytic  persons.  Here,  then,  was  proof 
that  those  actions  of  the  eyebrows  which  we 
find  to  be  deficient,  when  the  portio  dura 
is  affected,  are,  in  a  case  of  common  palsy, 
left  entire  ;  indeed,  we  may  have  daily  op- 
portunities, while  walking  in  the  streets,  of 
observing  that  patients  with  palsy  of  one 
side  of  the  body,  have  no  difficulty  in  clos- 
ing the  eyelids. 

In  the  next  case,  both  svstems  of  nerves 
seem  to  have  been  affected. 

Phipps,  a  bricklayer,  on  the  1st  of  Sep- 
tember 1821,  fell  from  a  scaffold  thirty 
feet  high.  His  right  clavicle  was  broken, 
his  right  loin  and  hip  were  much  bruised, 
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and  he  received  a  severe  contusion  on  the 
head,  the  marks  of  which  were  particu- 
larly observable  in  a  pufRness  behind  the 
right  ear,  and  in  bleeding  from  the  same 
ear  and  from  the  nose. 

He  was  in  a  state  of  stupor  when  brought 
into  the  hospital,  but  from  this  he  reco- 
vered in  the  course  of  the  day.  For  the  two 
or  three  first  days  he  appeared  to  suffer 
only  from  the  effects  of  concussion,  never 
having  any  of  those  symptoms  which  are 
generally  attributed  to  compression.  On 
the  fourth  day  it  was  observed,  that  the 
angle  of  the  mouth  was  drawn  rather  to  one 
side,  and  there  was  also  a  degree  of  in- 
equality in  the  contraction  of  the  pupils. 

On  the  sixth  day  it  was  remarked,  that 
while  he  was  asleep,  the  right  eye  was 
more  than  half  open,  while  the  left  was 
closed. 
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The  notes  of  the  case  are  very  full  up  to 
the  24th  of  September,  and  show  that  the 
patient  had,  during  the  interval,  gone 
through  the  common  series  of  symptoms 
which  accompany  that  slight  inflammation 
of  the  brain  which  is  often  the  conse- 
quence of  concussion. 

On  the  1st  of  October,  he  was  made  an 
out-patient,  his  face  being,  at  this  time, 
very  much  distorted. 

The  general  appearance  of  his  face  at 
this  time  was  that  of  a  man  who  has  suffered 
paralysis  from  apoplexy.  But  it  was  fur- 
ther remarkable,  that  when  he  spoke  or 
laughed,  the  distortion  was  much  increased, 
the  mouth  being  pulled  more  to  the  left 
side,  than  I  ever  saw  in  any  other  pa- 
tient. 
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The  following  are  the  notes  that  were 
taken  at  this  time.  There  appears  to  be 
total  paralysis  of  the  muscles  of  the  right 
side  of  the  face.  When  he  smiles  or  laughs 
they  are  passive,  while  those  of  the  left  are 
regularly  in  action.  If  he  attempts  to 
whistle,  he  cannot  close  his  lips  sufficiently; 
when  he  blows,  the  right  cheek  is  dilated, 
but  passive  like  a  distended  bladder  ;  he  can 
smoke,  by  putting  the  pipe  into  the  left  side 
of  his  mouth ;  he  throws  the  smoke  outof  the 
right  side,  but  in  doing  this,  the  action  is 
evidently  confined  to  the  muscles  of  the 
left  cheek. 

The  cheek  and  mouth  hang  down,  as  in 
the  common  case  of  hemiplegia  —  he  can- 
not by  a  voluntary  act  move  his  cheeks ; 
when  a  piece  of  bread  is  put  between  the 
cheek  and  teeth  of  the  right  side,  he  cannot 
push  it  out  with  the  buccinator,   but  picks 
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it  out  with  his  tongue.  He  cannot  hold 
his  pipe  or  my  pencil  with  the  right  side  of 
his  hps.  These  may  be  considered  as  suf- 
ficient proofs  of  the  total  paralysis  of  the 
muscles  of  the  face. 

The  difference  of  the  sensibility  in  the 
two  cheeks  was  very  distinct.  When  a  hair 
of  the  right  whisker  was  pulled,  he  was  not 
conscious  of  pain;  but  he  started  imme- 
diately on  pulling  one  from  the  left.  When 
his  cheeks  were  pricked  with  a  needle, 
his  expression  was  —  "I  feel  you  push 
against  the  right  side,  but  in  the  left  you 
prick  me."  When  he  brought  his  jaws 
forcibly  together,  he  said  he  was  not  con- 
scious of  striking  his  teeth  on  the  right 
side,  though  he  felt  them  most  distinctly 
on  the  left.  On  examining  the  state  of  the 
nose,  we  found  that  it  was  impossible  to 
excite  the  muscles  of  the  right  nostril  to 
any  action. 
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The  state  of  the  right  eyelids  and  eye- 
^brow  corresponded  with  those  of  patients 
who  have  paralysis  of  the  portio  dura,  for 
both  the  orbicularis  oculi  and  corrugator 
supercilii  were  so  completely  paralytic,  that 
he  could  neither  close  his  eye,  nor  knit  his 
brow  on  the  right  side. 

On  examining  how  far  the  branch  of  the 
5th,  which  passes  to  the  eye  and  eye- 
lids, was  affected,  we  found  that  the  symp- 
toms did  not  exactly  correspond  with  those 
observed  in  the  parts  regulated  by  the 
other  divisions  of  the  5th  pair,  and  particu- 
larly in  the  degree  of  sensibility ;  for  when 
a  hair  was  pulled  from  each  temple,  or 
from  the  eye-brows,  ftie  pain  felt  in  the 
two  sides  was  nearly  the  same ;  neither  the 
temporalis,  nor  masseter  muscles  of  this 
side  were  paralyzed.  The  motions  of  the 
eye-ball  were  so  far  perfect,  that  he  could 
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follow  an  object  carried  before  him,  but 
he  could  not  direct  both  eyes  truly,  he  saw 
double.  The  contraction  and  dilatation  of 
the  pupil  of  the  right  eye,  were  much  the 
same  as  in  the  other  eye. 

He  can  put  out  the  tongue  and  move  it 
in  every  direction  with  the  greatest  ease : 
the  motions  are  all  apparently  correct  and 
natural ;  he  can  throw  a  morsel  from  one 
side  of  the  mouth  to  the  other,  and  towards 
the  throat,  and  he  can  pick  it  out  from 
between  his  cheek  and  teeth. 

These  observations  led  us  to  conclude, 
that  not  only  the  motor  Hnguae,  or  ninth 
nerve,  but  also  the  glosso  pharyngaeal  were 
perfect. 

This  case  differs  from  the  common 
examples  of  partial   paralysis  of  the  face, 
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not  only  in  there  being  evident  marks 
of  paralysis  while  the  muscles  of  the  face 
are  at  rest,  but  in  the  sensibihty  of  the 
skin  of  the  same  side  being  in  a  great 
measure  destroyed.  It  differs  also  from 
the  case  of  hemiplegia. 

The  first  difference  which  we  observe  in 
it,  from  the  case  of  common  hemiplegia,  is, 
that  the  paralysis  is  confined  to  the  face. 
Secondly,  that  the  paralysis  is  on  the  same 
side  with  that  on  which  the  head  is  injured. 
Thirdly,  that  the  palsy  is  more  evident, 
when  the  patient  is  made  to  sneeze  or 
laugh.  From  these  circumstances,  we  may 
conclude  that  there  was  here  an  injury  of 
the  skull  affecting  both  the  fifth  and  the 
seventh  nerve. 

''James    Galland^    setat.  26.  —  Was    ad- 
mitted into  the  Middlesex  Hospital,  April 
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15.  1823.  His  mouth  and  left  cheek  are 
twisted  towards  the  right  side :  the  whole 
surface  of  the  left  side  of  his  face  is  insen- 
sible :  he  has  not  the  power  of  moving  the 
eye  of  that  side,  and  it  has  lately  become 
inflamed ;  he  complains  of  a  deep  pain  in 
the  temple  of  the  same  side. 

"  His  trade  has  been  so  profitable  as  to 
enable  him  to  live  in  a  most  dissipated  man- 
ner during  the  last  five  years.  He  has 
frequently  strolled  about  the  streets  at 
night  in  a  state  of  drunkenness,  and  has  for 
three  weeks  never  thrown  off  his  clothes, 
and  has  been  seldom  in  bed.  He  has 
been  twice  affected  with  syphilis ;  he  was 
confined  by  his  first  attack  for  eighteen 
months,  during  which  time  he  was  under 
the  influence  of  mercury.  After  regaining 
his  health,  he  frequently  experienced  a 
pricking  pain  in  his  left  eye  and  temple, 
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SO  severe  as  to  prevent  his  reading,  espe- 
cially by  candle-light.  About  twelve 
months  ago  he  was  knocked  down :  he  fell 
on  the  back  of  his  head,  and  wounded  the 
occipital  artery;  he  thinks  that  he  has 
never  been  quite  well  since  that  time.  On 
the  13th  of  October,  last  year,  one  of  his 
comrades  noticed  to  him  that  his  mouth 
was  drawn  to  one  side ;  this  induced  him 
for  the  first  time  to  observe  in  a  looking 
glass  the  condition  of  his  face.  He  tried 
to  spit,  and  observed  that  his  saliva,  instead 
of  passing  through  the  centre,  was  squirted 
out  of  the  right  corner  of  his  mouth,  which 
was  contracted.  His  lips  were  in  other 
respects  perfectly  natural,  being  possessed 
of  sensibility  and  the  power  of  motion. 
He  could  then  likewise  close  the  eyelids 
of  the  left  eye,  but  to  do  this  he  required 
to  shut  the  other  eye  also. 
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"  On  the  following  morning  he  was  con- 
scious of  a  peculiar  numbness  above  the 
left  eye.  This  numbness  imperceptibly 
and  gradually  spread  over  the  left  cheek, 
and  at  the  same  time  affected  the  external 
and  internal  surfaces  of  almost  all  that  side 
of  his  head.  He  lost  the  sense  of  taste  on 
the  left  side  of  his  tongue,  and  in  little 
more  than  a  fortnight  he  became  deaf  in 
the  left  ear.  Now  he  complains  principally 
of  the  inflamed  condition  of  the  left  eye, 
(which  commenced  about  ten  days  ago), 
and  of  the  pain  in  his  left  temple, 

"  The  above  circumstances  he  himself 
could  relate  distinctly;  the  following  is  an 
account  of  his  present  condition,  April  20. 

"  The  left  side  of  his  face  is  drawn  to- 
wards the  right,  and  is  slightly  oedematous. 
The  left  nostril  is  collapsed,  and  does  not 
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expand  during  breathing.  The  mouth  is 
distorted  towards  the  right  side.  When  he 
speaks  the  two  sides  of  his  face  are  dis- 
tinctly marked  by  a  line  of  division  ;  the 
action  of  the  muscles  of  the  mouth  and 
nostrils,  on  the  right  side,  being  quite  dis- 
tinct, while  those  on  the  left  are  motionless. 
He  has  lost  all  power  over  the  left  eyelids  ; 
until  lately,  he  could  elevate  his  upper  eye- 
lid, although,  since  the  time  of  his  first 
attack,  he  has  always  experienced  a  certain 
difficulty  in  closing  it.  At  present  the 
eye-lid  hangs  down  flaccid  and  shut ;  he  is 
unable  to  press  the  eye-lids  together. 

"  The  sensibility  to  touch  is  gone  on  the 
greater  part  of  the  left  side  of  his  head  and 
face,  and  this  insensibility  extends  to  the 
vertex  of  the  head.  The  surfaces  of  the 
conjunctiva  and  eyelids  are  also  completely 
insensible,  yet  the  eye  is  inflamed  and  ul- 
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cerated ;  the  left  side  of  the  nose,  the  cheek, 
the  upper  and  lower  lips  are  all  equally 
insensible  ;  but  he  is  sensible  when  touched 
upon  the  left  side,  below  the  under  jaw, 
and  even  over  the  lower  jaw  itself,  as  high 
as  the  inferior  part  of  the  lower  lip.  The 
external  ear,  and  likewise  the  back  part  of 
his  head,  nearly  as  high  up  as  the  vertex j 
retain  their  natural  sensibility. 

"  The  internal  surfaces  of  the  left  nostril, 
and  of  the  mouth  and  gums  on  the  same 
side  are  insensible  to  touch ;  and  he  has 
neither  the  sense  of  taste  or  common  feel- 
ing in  this  side  of  the  tongue ;  in  conse- 
quence of  this,  portions  of  food  have  some- 
times lodged  within  the  left  side  of  his 
mouth,  without  his  being  aware  of  their 
presence,  until  they  became  actually  pu- 
trid. 
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"  The  power  of  moving  his  tongue  is 
quite  perfect :  if  at  rest,  it  lies  in  its  natural 
position  within  the  mouth  ;  nor  is  it  drag- 
ged towards  either  side  when  he  is  told  to 
move  it.  Being  tickled  with  a  probe  on 
the  left  side  of  the  root  of  his  tongue,  the 
sensation  of  nausea  and  the  effort  of  retch- 
ing are  produced  as  on  the  opposite  side. 
He  can  open  and  close  his  jaws  ;  yet  it  can 
be  observed,  when  he  is  made  to  clench  his 
teeth,  or  to  bite  forcibly,  that  the  masseter 
and  temporal  muscles  of  the  right  side  are 
hard,  rigid,  and  strongly  in  action,  while 
the  same  muscles  belonging  to  the  opposite 
side  are  totally  different  in  that  respect,  for 
they  feel  soft  and  flaccid. 

"  With  regard  to  his  left  eye,  it  has  been 
already  noted,  that  it  is  deprived  of  common 
sensibility,  and  that  he  has  no  power  of 
shutting  or   raising   his    eyelid.       Besides 
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these,  he  possesses  no  command  over  the 
eye-ball :  his  eye  remains  fixed  and  mo- 
tionless, and  directed  straight  forwards  when 
he  attempts  to  turn  it  towards  objects. 
No  motion  exists  in  the  pupil  when  a  light 
is  presented  to  the  eye.  He  has  the  power 
of  vision,  although  he  sees  dimly ;  this  is, 
probably,  on  account  of  the  eye  being  in- 
flamed and  the  cornea  ulcerated  and  opaque. 
When  both  liis  eyes  are  closed,  he  is  sensi- 
ble of  a  red  light  in  the  left  eye,  while  no- 
thing is  visible  in  the  right  one.  * 

"  He  was  questioned  as  to  the  period  when 
he  observed  that  he  had  lost  the  power  of 
directing  the  left  eye  to  objects,  but  he  was 
unable  to  inform  us,  because  he  imagined 
always  that  that  eye  was  as  much  in  motion 
as  the  other. 

*  See  remark  on  this  in  the  first  paper  on  the  mo- 
tions of  the  eye. 
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"  August  1824. — This  man  is  still  alive, 
several  of  the  symptoms  of  paralysis  both 
of  the  portio  dura  and  of  the  fifth  are  be- 
come more  indistinct ;  he  has  regained  a 
little  power  over  the  motions  of  the  eye- 
lids, and  of  some  of  the  muscles  of  the  face, 
and  the  surfaces  are  endowed  with  a  shght 
degree  of  sensibility." 

In  this  cas^  we  may  observe,  that  the 
symptoms  show  the  affection  to  be  limited 
to  the  seventh  and  fifth  nerves  of  the  left 
side,  and  they  best  correspond  with  the 
supposition,  that  a  disease  of  the  bone,  or 
membranes,  has  affected  these  nerves  in 
their  course,  and  is  gradually  extending 
forward  to  the  nerves  of  the  orbit. 

I  shall  close  the  narration  of  these  cases 
by  the  statement  of  a  circumstance  which 
occurred  to  me  a  few  years  ago :  — 
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A  gentleman,  in  the  vigour  of  life,  came 
into  my  room  to  consult  me,  having  the 
most  remarkable  distortion  of  countenance 
I  had  ever  seen.  He  proceeded  to  state  to 
me  what  he  conceived  to  be  the  cause  of  this 
paralytic  affection  of  one  side  of  his  face : 
he  had  been  knocked  down  by  a  blow  upon 
the  ear,  and  had  remained  a  whole  night 
insensible,  with  bleeding  from  the  ear,  from 
which  time  his  features  had  been  thus  drawn 
to  the  opposite  side.  I  thought  I  should 
give  him  comfort  by  stating  to  him  that  this 
was  a  paralysis  attributable  to  the  injury  of 
the  bone,  and  that,  as  it  had  not  proceeded 
from  an  apoplectic  tendency,  there  was  no 
danger  of  a  future  attack  or  of  increase  of 
the  paralysis.  But  this  was  not  what  he 
expected  from  me ;  he  had  consulted  my 
brother,  then  at  Rome,  and  he  had  pro- 
posed to  cure  him  by  an  operation. 

N 


178  ON    THE    STRUCTURE    AND 

I  was  quite  at  a  loss  to  conceive  what 
operation  his  ingenuity  had  contrived  to 
relieve  so  remarkable  a  deformity.  This 
gentleman  mentioned  that  it  had  been  in- 
tended to  make  three  small  incisions  on 
different  parts  of  his  face,  so  as  to  restore 
the  balance  of  his  features :  and  he  was 
obv;iously  disappointed  in  finding  me  less 
intelligent,  or  less  able  than  he  had  expect- 
ed, m.d  we  parted. 

On  reflecting  on  the  conversation  of  this 
gentleman,  it  occurred  to  me,  that  my  bro- 
ther, believing  that  the  paralysis  had  arisen 
from  an  injury  of  the  fifth  nerve,  had  pro- 
posed to  restore  the  features  to  an  equili- 
brium by  dividing  the  branches  of  the  same 
nerve  on  the  opposite  side  ;  trusting,  no 
doubt,  to  the  features  being  still  animated 
by  the  seventh  pair  of  nerves.  A  singular 
consequence   would    have    resulted    from 
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such  an  operation.  The  features  would 
have  remained  drawn  to  the  same  side  as 
before,  and  he  would  have  been  deprived 
of  all  sensibility  of  that  side  I  If  it  was 
designed  to  have  cut  the  portio  dura  of  the 
side  contracted,  a  more  unhappy  conse- 
quence would  have  resulted ;  for  he  could 
never  afterwards  have  spoken,  or  even  have 
kept  his  lips  to  his  teeth,  or  retained  the 
saliva.  The  features  of  both  sides  would 
have  fallen  in  relaxation,  and  the  eye  would 
have  remained  uncovered,  and  he  would 
have  lost  his  sight  by  the  inflammation 
and  opacity  consequent  on  its  continual 
exposure ! 

It  must,  indeed,  appear  a  singular  cir- 
cumstance now,  that  so  many  surgeons  were 
cutting  the  branches  of  the  fifth  pair  of 
nerves  for  the  tic  doloreux,  without  being 
led  to  enquire  more  particularly  into  the 
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functions  of  the  several  nerves  of  the  face. 
We  see  how  near  my  brother's  ingenuity- 
was  leading  him  wrong,  from  having  often 
cut  the  fifth  pair  without  producing  hor- 
rible distortion.  And  I  believe  that  the 
very  same  mistake  led  an  honourable  ba- 
ronet to  say  that  I  had  not  cut  the  frontal 
branch  of  the  fifth  pair  of  nerves  on  the 
face  of  a  nobleman,  when  I  had  only  cut 
that  branch  without  interfering  with  the 
branches  of  the  portio  dura^  and,  conse- 
quently, without  producing  the  slightest 
effect  on  the  muscles  of  the  eyebrow.  All 
these  circumstances,  I  hope,  tend  to  enforce 
the  importance  of  anatomy. 
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[^Read  before  the  Royal  Society^  May  2.  1822.] 

In  a  former  paper  an  examination  was 
made  of  the  nerves  of  the  face;  that  part 
of  the  system  was  taken,  as  proving,  in  a 
manner  the  least  hable  to  exception,  that 
two  sets  of  nerves,  hitherto  undistinguished, 
possessed  distinct  powers  ;  and  that  very 
different  effects  were  produced  when  the 
muscles  and  integuments  were  deprived  of 
the  controuling  influence  of  the  one  or  of 
the  other  of  these  nerves.  In  that  paper  it 
was  shown,  that  parts  remote  in  situation 
N  4 
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were  yet  united  by  the  closest  sympathy 
with  the  lungs.  That  by  a  division  of  one 
nerve,  these  organs  could  be  severed  from 
the  other  parts  of  the  apparatus  of  respir- 
ation; and  though  rendered  dead  to  the 
influence  of  the  heart  and  lungs,  were  yet 
possessed  of  their  other  properties,  such  as 
sensibility  and  voluntary  motion. 

In  the  present  paper  it  is  proposed  to 
prosecute  this  subject,  by  tracing  the  nerves 
which  influence  the  motions  of  the  trunk 
of  the  body  in  respiration,  and  to  subject 
them  to  a  similar  enquiry. 

It  is  an  encouraging  circumstance  to  the 
author  of  this  paper,  and  may  incline  the 
Society  to  bear  with  the  detail  into  which 
it  will  be  necessary  to  enter,  that  already 
practical  benefits  have  arisen  from  the 
former   paper ;    that  the  views   presented 
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there,  as  connected  with  general  science, 
being  carried  into  practice,  have  enabled 
the  physician  to  make  more  accurate  dis- 
tinctions of  disease,  and  the  surgeon,  in 
removing  deformity,  to  avoid  producing 
distortion.* 


Of  the  Motions  of  the  Thorax^  as  affording 
a  Key  to  the  Intricacy  of  its  Nerves. 

We  have  seen  the  necessity  of  consider- 
ing all  the  functions  and  relations  of  a  part 
of  the  animal  machine,  the  nerves  of  which 
we  propose  to  distinguish  according  to 
their  uses  ;  and  this  is  even  more  necessary 
with  respect  to  the  thorax  than  the  face. 
This  will  be  evident,  if  we  make  a  mere 
catalogue  of  the  uses  of  this  compages  of 


*  This  is  alluding  to  the  operations  performed  on  the 
face  and  neck. 


186       OF  THE  NERVES  WHICH  ASSOCIATE 

bones  and  muscles.  Besides  affording  sup- 
port and  protection  to  the  heart  and  lungs, 
and  the  viscera  of  the  higher  region  of  the 
abdomen,  the  thorax  performs  these  of- 
fices :  — 

1.  It  alternately  opposes  and  yields  to 
the  weight  of  the  atmosphere,  thus  pro- 
ducing respiration. 

2.  In  addition  to  the  uniform  motion  of 
the  chest  in  breathing,  there  is  the  occa- 
sional increase  and  agitation  commensurate 
to  the  excited  state  of  the  animal  frame, 
when  additional  muscles  are  brought  into 
action. 

3.  There  is  the  exertion  of  the  respir- 
atory apparatus  in  natural  voice,  and  in 
articulate  language. 

4.  Through  the  nerves  and  muscles  em- 
ployed in  respiration  are  also  exhibited 
the  emotions  and  passions  of  the  mind. 
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5.  The  organs  of  the  sense  of  smelling, 
and  particularly  the  muscles  which  move 
the  cartilages  of  the  nose,  are,  in  their 
exercise,  as  necessarily  joined  to  the  act 
of  inspiration,  as  those  of  speech  are  to  the 
act  of  expiration. 

6.  The  acts  of  coughing,  sneezing,  vo- 
miting, and  yawning,  belong  to  this  system 
of  parts. 

7.  The  powers  of  the  arms  in  voluntary 
exertion  are  in  a  great  measure  dependent 
upon  the  expansion  of  the  thorax;  so  that 
the  act  of  inspiration  is  always  combined 
with  sudden  and  powerful  exertion.  The 
more,  indeed,  we  attend  to  the  motions  of 
the  frame,  whether  in  efforts  of  strength, 
or  in  the  act  of  respiration,  the  more  re- 
markable will  the  unexpected  combinations 
of  the  muscles  appear. 

It  is  only  when  we  are  made  sensible  of 
the  extent  of  the  respiratory  actions,  and 
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that  they,  in  effect,  extend  over  the  whole 
face,  and  neck,  and  trunk,  that  we  can  com- 
prehend how  the  mechanism  of  the  thorax, 
or  rather  of  the  respiratory  apparatus  gene- 
rally, affects  the  arrangement  of  the  whole 
nervous  system.  Wherever,  in  examining 
the  comparative  anatomy  of  animals,  we 
find  ribs  rising  and  falling  by  respiratory 
muscles,  we  have  a  medulla  spinalis^  and  the 
distinction  of  cerebrum  and  cerebellum*  And 
experiment  and  observation  prove,  that  the 
seat  of  that  power  which  controuls  the  ex- 
tended act  of  respiration  is  in  the  lateral 
portions  of  the  medulla  oblongata,  from 
which  it  is  continued  through  certain  re- 
spiratory nerves  which  pass  out  from  the 
neck,  and  also  downwards,  by  correspond- 
ing columns  of  the  spinal  marrow,  to  the 
intercostal  nerves. 
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Origins  of  the  Respiratory  Nerves. 
The  nerves  on  which  the  associated  ac- 
tions of  respiration  depend,  and  which  have 
been  proved  to  belong  to  this  system  by 
direct  experiment  and  the  induction  from 
anatomy,  arise  very  nearly  together.    Their 
origins  are  not  in  a  bundle,  or  fasciculus, 
but  in  a  line  or  series,  and  from  a  distinct 
column  of  the  spinal  marrow.     Behind  the 
corpus  olivare^  and  anterior  to  that  process 
which  descends  from  the  cerebellum,  the 
corpus  restiforfne^a  convex  strip  of  medullary 
matter,  may  be  observed;  and  this  convex- 
ity, or  fasciculus,  or  virga,  may  be  traced 
down  the  spinal  marrow,  betwixt  the  sulci, 
which  give  rise  to  the  anterior  and  posterior 
roots  of  the  spinal  nerves. 

This  portion  of  medullary  matter  is  nar- 
row above  where  the  pons  Varolii  over- 
hangs it.  It  expands  as  it  descends  ;  oppo- 
site to  the  lower  part  of  the  corpus  olivare 
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it  has  reached  its  utmost  convexity,  after 
which  it  contracts  a  little,  and  is  continued 
down  the  lateral  part  of  the  spinal  marrow. 

From  this  track  of  medullary  matter  on 
the  side  of  the  medulla  oblongata^  arise  in 
succession,  from  above  downwards,  the 
fourth  nerve  ;  Xheportio  dura  of  the  seventh 
nerve ;  the  glosso-pharyngeus  nerve ;  the 
nerve  of  the  par  vagmn ;  the  nervus  ad  par 
vagum  accessorius ;  the  phrenic^  and  the  ex- 
ternal respiratory  nerves. 

It  is  probable  that  the  branches  of  the 
intercostal  and  lumbar  nerves,  which  in- 
fluence the  intercostal  muscles  and  the 
muscles  of  the  abdomen  in  the  act  of  re- 
spiration, are  derived  from  the  continuation 
of  the  same  cord  or  slip  of  medullary  mat- 
ter. Nor  will  it  escape  observation,  that 
the  nerves  called  phrenic  and  external  re- 
spiratory, though  coming  out  with  the  cer- 
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vical  nerves,  do,  in  all  probability,  take 
their  origin  from  the  same  portion  of  the 
medulla  spinalis  with  the  accessory  nerve. 

The  intercostal  nerves,  by  their  relations 
with  the  medulla  oblongata,  are  equal  to 
the  performance  of  respiration,  as  it  re- 
gards the  office  of  the  lungs  ;  but  they  are 
not  adequate  to  those  additional  functions 
which  are,  in  a  manner,  imposed  upon  the 
respiratory  apparatus,  when  they  are  brought 
to  combine  in  other  offices. 


Of  the  Muscles  of  the  Trunks  which  are 
brought  in  aid  of  the  common  Respiratory 
Muscles, 

If  we  look  upon  the  frame  of  the  body 
for  the  purpose  of  determining  which  are 
the  muscles  best  calculated  to  assist  in  the 
motions  of  the  chest,  when  there  is  an  in- 
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creased  or  excited  action,  we  shall  have 
little  difficulty  in  distinguishing  them,  and 
we  shall  have  as  little  hesitation  in  assign- 
ing a  use  to  the  nerves  which  supply  these 
muscles  exclusively.  For  these  nerves  have 
the  same  origin  :  they  take  an  intricate 
course,  threading  and  passing  betwixt  other 
nerves  and  other  muscles,  to  be  entirely 
given  to  the  muscles  which  Leave  the 
chest. 

In  this  enquiry  it  is  necessary  to  observe, 
that  the  life  of  animals  is  protected  by  a 
particular  sense  which  gives  rise  to  an  in-% 
stinctive  motion  of  drawing  the  breath,  and 
by  which  the  chest  is  suddenly  and  power- 
fully expanded  on  exertion  or  alarm.  The 
start,  on  sudden  alarm,  is  accompanied  with 
a  rapid  expansion  and  rising  of  the  chesc, 
and  the  voice,  at  such  a  moment,  is  pro- 
duced  by  suddenly  inhaling,    and  not  by 
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expiration  ;  and  this  expansion  of  the  chest 
combines  with  the  preparation  for  flight  or 
defence,  since  the  extension  of  the  muscles 
lying  on  the  breast  and  back  is  produced 
by  this  motion,  and  since  they  are  thereby 
rendered  more  powerful  in  their  influence 
upon  the  arms  or  anterior  extremities.  It 
cannot  escape  observation,  that  oppression 
and  difficulty  of  breathing  is  exhibited  in 
gasping  and  forcible  inspiration,  in  draw- 
ing the  breath,  not  in  throwing  it  out. 

Accordingly,  when  we  examine  the  trunk 
of  the  human  body,  we  have  no  difficulty 
in  distinguishing  the  muscles  most  capable 
of  raising  the  chest ;  and  these,  in  effect,  we 
see  powerfully  influenced  in  deep  inspir- 
ation, whether  the  action  be  voluntary,  as 
in  speech,  or  involuntary,  as  in  the  last  ef- 
forts of  life,  when  sense  is  lost.     They  are 
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the  mastoid  muscle,  the  trapezius,  the  ser- 
ratus  magnus,  and  the  diaphragm. 

1.  Sterno-cleido^mastoideus,— This  mus- 
cle, by  its  attachment  to  the  sternum  or 
breast  bone,  raises  or  heaves  the  chest ; 
and  the  operation  of  this  muscle  is  very 
evident  in  all  excited  states  of  respiration, 
in  speaking,  and  still  more  in  singing, 
coughing,  and  sneezing.  But  there  is 
something  necessary  to  the  full  effect  of 
this  muscle  on  the  chest,  for  otherwise  it 
will  be  a  muscle  of  the  head,  and  not  of 
the  chest. 

2.  The  trapezius  must  fix  the  head  or 
pull  it  backwards  before  the  mastoideus  can 
act  as  a  respiratory  muscle,  and  how  they 
are  combined  we  shall  presently  see.  The 
position  of  the  head  of  the  asthmatic,  dur- 
ing the  fit,  as  well  as  the  posture  of  the 
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wounded  or  the  dying,  prove  the  Influence 
of  the  upper  part  of  the  trapezius  in  excited 
respiration. 

The  trapezius  has  a  still  more  powerful 
and  important  influence  in  respiration  when 
the  action  rises  above  the  ordinary  condi- 
tion, and  that  is  by  drawing  back  the  sca- 
pula, to  give  the  necessary  effect  to  the  ac- 
tion of  the  serratus  magnus, 

S.  The  serratus  magnus  anticus  being  ex- 
tended over  the  whole  side  of  the  chest, 
and  attached  in  all  the  extent  from  the 
second  to  the  eighth  rib,  is  very  powerful 
in  raising  the  ribs  ;  but  it  cannot  exert  this 
power,  independently  of  the  trapezius, 
since,  without  this  combination,  its  force 
would  be  exerted  in  moving  the  scapula, 
and  not  the  ribs;    unless  the  scapula  be 

o  2 
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fixed,  or  pulled  back  by  the  trapezius^  the 
serratus  is  not  a  muscle  of  respiration. 

In  this  manner  do  these  three  powerful 
muscles  hang  together  in  their  action,  com- 
bining with  the  diaphragm  to  enlarge  the 
cavity  of  the  chest  in  all  its  diameters. 

The  course  of  our  enquiry  leads  us  to 
ask,  are  these  muscles  privileged  above 
others  by  any  peculiarity  of  nerves  ?  And 
the  answer  is  plain  :  to  these  muscles  alone, 
are  the  nerves,  which  1  am  about  to  call 
respiratory  nerves  of  the  chest,  distributed. 

Anatomy  of  the  Respiratory  Nerves  of  the 
Trunk, ^ 

The  nerves  which  give  rise  to  the  extra- 
ordinary intricacy  of  this  system  on  the  side 

*  See  Plate  II. 
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of  the  neckj  are  the  spinal  accessory  nerve, 
the  phrenic  nerve,  and  the  external  thoracic 
nerve.  By  reference  to  any  common  book  of 
anatomy,  the  phrenic  nerve  (fig.  12.  PI.  XL) 
will  be  found  to  have  its  great  root  or  origin 
from  the  fourth  cervical  nerve ;  and  there 
joins  this,  a  more  slender  branch  from  the 
third  cervical  nerve.  But,  besides  these 
roots,  it  has  connections,  which  of  them- 
selves would  mark  the  relations  of  the 
nerve;  high  in  the  neck,  it  is  connected 
with  the  nervus  vagus  and  with  the  lingualis 
medius,  while,  at  the  same  time,  a  branch  is 
given  off  to  the  muscles  of  the  larynx. 
The  trunk  of  the  nerve  descends  into 
the  cavity  of  the  thorax,  and  gives  no 
branches,  until,  arriving  at  the  diaphragm, 
it  sends  out  numerous  diverging  branches, 
which  are  lost  in  the  substance  of  that 
muscle. 

o  3 
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It  has  been  long  known  that  irritation  of 
this  nerve  convulses  the  diaphragm,  and 
that  cutting  it  across  paralyses  that  muscle. 
These  facts,  with  the  consideration  of  its 
course,  prove  it  to  be  a  respiratory  nerve, 
and  such  has  been  the  universal  opinion. 

But  to  what  purpose  should  a  distinct 
nerve  be  sent  to  the  diaphragm,  if  the 
other  muscles,  seated  externally,  and  which 
are  associated  in  action  with  the  diaphragm, 
and  as  important  to  respiration,  were  left 
without  a  similar  tie  to  unite  them  with 
each  other,  and  with  the  organs  of  the 
voice  ? 

The  inferior  external  respiratory  nerve  of 
the  thorax  (fig.  13.  PI.  II.)  is  a  counterpart  of 
the  internal  or  phrenic  nerve.  It  comes  out 
from  the  4th  and  5th  cervical  nerves,  and 
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often  it  is  connected  with  the  phrenic.  It 
diverges  somewhat  from  that  nerve,  be- 
cause, instead  of  descending  within  the 
chest,  it  falls  over  the  ribs,  and  descends  in 
a  distinct  flat  trunk  upon  the  outside  of  the 
chest,  to  be  distributed  entirely  to  the  ser- 
ratus  magnus  anticus.  This  muscle  has 
nerves  from  the  spinal  marrow,  because  it 
has  to  combine  in  the  motions  of  the  frame 
in  locomotion.  But  the  long  descending 
nerve  is  a  respiratory  nerve;  which  we 
may  know  from  its  origin,  course,  and  des- 
tination ;  in  its  origin  and  course  it  is  like 
the  diaphragmatic  nerve,  and  in  its  destin- 
ation also,  since  it  is  given  to  a  muscle  ne- 
cessary to  full  inspiration. 

I  come  now  to  the  spinal  accessory  nerve 
(fig.  11.   Plate  II.),*  which  is    more  par- 

*  Nervus  ad  par  vagu7n  accessorius, 
o  4 
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ticularlj  an  object  in  this  paper.  It  is  called 
here  the  superior  respiratory  nerve  of  the 
trunk.  Experiments  may  take  a  colour 
from  the  preconceived  idea,  but  the  accurate 
investigation  of  the  structure  will  not  de- 
ceive us.  The  author,  therefore,  entreats 
attention  to  the  anatomy  of  this  nerve,  as 
leading  in  the  most  conclusive  manner  to  a 
knowledge  of  its  functions. 

It  arises  from  the  cervical  portion  of 
the  spinal  marrow;  but  instead  of  col- 
lecting its  branches  to  go  out  by  the 
side  of  the  vertebrae,  like  the  internal 
and  external  respiratory  nerves,  it  shoots 
upwards  through  the  theca  of  the  spinal 
marrow,  enters  the  skull,  and  joins  the 
eighth  pair  of  nerves ;  from  which  it  has 
its  term  of  accessory.  We  see  the  roots 
of  this  nerve  as  far  down  as  the  fourth  cer- 
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vical  nerve.  *  These  roots  arise  neither 
from  the  posterior  nor  the  anterior  column 
of  the  spinal  marrow,  but  betwixt  the  pos- 
terior roots  of  the  cervical  nerves  and  the 
ligamentuin  denticulatum^  and  from  the  co- 
lumn of  medullary  matter  above  described. 
The  origins  of  this  nerve  come  off  in  one 
line,  and  that  line  is  in  the  direction  of  the 
roots  of  the  eighth  pair,  and  of  that  nerve 
which  has  been  proved  to  be  the  respiratory 
nerve  of  the  face.  In  its  ascent  the  accessory 
nerve  is  attached  to  the  posterior  root  of 
the  first  cervical  nerve. 

The  nerve  having  ascended  through  the 
foramen  magnum^  passes  out  from  the  skull 
associated  with  the  nerves  constituting  the 
eighth  pair,  and  in  the  same  sheath  with 
them;  they  all  go  out  through  the  foramen 

*  In  the, ass,  its  roots  are  seen  to  extend  much  lower 
down. 
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lacermUf  and  by  the  side  of  the  jugular  vein. 
In  this  course  the  accessory  nerve  divides 
into  two.  One  of  these  divisions  joins  fila- 
ments of  thenar  vagum  (fig.  1.  PI.  11.) ;  and 
these  again  send  nerves  to  the  glosso- 
pharyngeal nerve  (fig.  9.  PI.  11.) ;  and  some- 
times a  branch  may  be  seen  going  to  the 
Ungualis  medius.  The  more  exterior  divi- 
sion of  the  accessory  nerve  descends  behind 
the  jugular  vein,  and  comes  forward  and 
perforates  the  mastoid  muscle.  In  its 
passage  through  the  muscle  it  sends  off 
branches  which  course  through  its  sub- 
stance; and  if,  as  sometimes  happens, 
though  rarely,  the  nerve  does  not  pass 
through  the  muscle,  these  branches  are, 
notwithstanding,  invariably  given  to  it. 

When  the  nerve  has  escaped  from  the 
back  part  of  the  mastoid  muscle,  it  forms  a 
communication   with   that   branch  of  the 
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third  cervical  nerve  that  ascends  behind  the 
muscle ;  and  nearly  at  the  same  time  it  is 
joined  by  a  branch  from  the  second  cervical 
nerve.  The  superior  respiratory  nerve  now 
descends  upon  the  neck,  and  begins  to  dis- 
perse its  branches  in  regular  order  to  the 
edge  of  the  trapezius  muscle  (fig.  11.  PI.  II.); 
four  or  five  branches  take  their  course  to 
that  muscle,  separate  into  minute  subdivi- 
sions, and  are  lost  in  its  substance.  One 
more  considerable  division,  being  the  low- 
est of  these,  is  joined  by  a  long  descending 
branch  of  the  second  cervical  nerve.  In- 
creased by  this  addition,  it  descends  under 
the  trapezius  and  behind  the  clavicle.  Fol- 
lowing this  descending  branch,  it  will  be 
found  exclusively  attached  to  the  trapezius. 
Behind  the  scapula  it  is  again  joined  by 
branches  from  the  spinal  nerves  ;  and  here 
a  sort  of  imperfect  plexus  is  formed,  from 
which  divisions  of  the  nerve,  still  descend- 
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ing,  follow  the  lower  edge  of  the  muscle, 
and  are  finally  dispersed  among  its  fibres. 

This  nerve  arises  from  the  same  column 
with  the  respiratory  nerves ;  it  takes  a  most 
intricate  and  circuitous  passage  to  form  a 
junction  with  nerves  which  we  know  to  be- 
long to  that  class  ;  it  send  branches  to  join 
the  nerves  of  the  tongue  and  pharynx  ;  it 
sends  branches  to  the  larynx  in  company 
with  the  branches  of  the  par  vagum ;  it 
then  crosses  the  great  nerves  of  the  neck, 
passes  under  the  spinal  nerves,  goes  to  no 
other  muscles  in  its  course,  but  lavishes  all 
its  branches  on  the  mastoid  and  trapezius 
muscles.  To  an  anatomist  it  is  as  plainly 
set  forth  as  if  it  were  written  in  our  mother 
tongue,  this  is  the  superior  respiratory  nerve 
of  the  trunkJ^ 

*  Lobstein,  in  k  dissertation  on  this  nerve,  finding  the 
difficulty  of  accounting  for  the  iierxious  Jiuid  coming  by  a 
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Comparative  view,  of  these  Nerves. 

If  we  examine  the  par  vagum^  the  portio 
dura  of  the  face,  the  external  thoracic^  the 
diaphragmatic,  and  the  spinal  accessory 
neryes,  by  comparative  anatomy,  we  shall 
conclude  that  they  are  all  respiratory 
nerves,  by  their  accommodating  themselves 
to  the  form  and  play  of  the  organs  of  re- 
spiration. In  fishes,  the  respiratory  nerve* 
goes  out  from  the  back  part  of  the  medulla 
oblongata.  When  it  escapes  from  the  skull 
it  becomes  remarkably  enlarged,  and  then 
disperses  its  branches  to  the  branchiae  and 
the  stomach.     But  from  the  same  nerve  go 


double  passage  to  the  muscle,  concludes,  veniet  farsan 
tempus  quo  ista  quce  nunc  latent,  dies  extraliat  et  longioris 
(Evi  diligentia. 

*  The  nerve  which  by  its  subdivision  supplies   the 
heart,  lungs,  and  stomach,  and  the  muscles  of  the  gills. 
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off  branches  to  the  muscles  moving  the 
gills  and  operculum,  whilst  a  division  of  the 
nerve  is  prolonged  under  the  lateral  line  of 
the  body  to  the  tail.  It  is  said,  this  divi- 
sion sends  off  no  branches,  but  this  is  not 
correct ;  it  gives  branches  in  regular  suc- 
cession to  the  muscles  from  the  shoulder 
to  the  tail.  Experiments  have  been  made 
upon  these  nerves,  but  their  detail  would 
lead  us  too  far.  It  is  scarcely  necessary  to 
add,  that  there  are  neither  phrenic  nor 
spinal  accessory,  nor  external  thoracic  nerves 
in  fishes,  the  order  of  their  muscular  system 
not  requiring  them.  In  birds,  the  struc- 
ture of  the  wing,  and  the  absence  of  the 
mastoid  muscle,  render  the  spinal  accessory 
nerve  unnecessary ;  it  is  wanting,  for  the 
reason,  that  in  the  absence  of  the  diaphragm 
there  is  no  phrenic  nerve.  Quadrupeds 
have  the  three  respiratory  nerves  of  the 
trunk ;  but  even  in  them  there  are  vari- 
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ations  in  the  muscular  frame,  which  illus- 
trate the  appropriation  of  the  nerves.  The 
construction  of  the  neck  of  the  camel  is 
like  that  of  birds ;  there  is  a  succession  of 
short  muscles  along  the  side  of  the  neck, 
and  attached  to  the  vertebrae;  but  there  is 
no  long  muscle,  like  the  sternO'Cleido-mas- 
toideus^  contributing  to  the  motion  of  re- 
spiration. There  is,  accordingly,  no  spinal 
accessory  nerve  in  the  neck  of  this  animal. 

We  have  a  remarkable  example  of  the 
manner  in  which  these  nerves  vary  in  their 
course  of  distribution,  and  yet  retain  their 
appropriate  functions,  in  the  nerves  of  the 
neck  of  birds.  In  them,  the  bill  precludes 
the  necessity  of  the  portio  dura  going  for- 
ward to  the  nostrils  and  lips ;  the  nerve 
turns  backwards,  and  is  given  to  the  neck 
and  throat ;  and  it  is  particularly  worthy  of 
remark,  that  the  action  of  raising  the  fea- 
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thers  of  the  neck,  as  when  the  game  cock 
is  facing  his  opponent,  is  taken  away  by  the 
division  of  this  nerve.  If  we  compare  the 
anatomy  of  the  facial  respiratory  nerve,  in 
the  various  classes  of  birds,  we  shall  find 
its  distribution  to  be  analogous  to  that  of 
the  same  nerve  in  the  different  tribes  of 
quadrupeds.  In  the  game  cock,  a  few 
branches  of  the  nerve  pass  to  the  loose 
skin  under  the  jaw,  which  is  dilated  in 
crowing,  the  greater  number  being  distri- 
buted on  the  muscles  of  the  neck,  which 
causes  the  elevation  of  the  feathers  when 
he  puts  himself  in  an  attitude  for  fighting. 
But  in  the  duck,  which,  when  enraged,  has 
little  or  no  power  of  expression,  the  same 
nerve  is  not  larger  than  a  cambric  thread, 
and  passes  only  to  the  skin  under  the 
jaw.  * 

*  These  respiratory  nerves  of  the  thorax,  the  diaphragm- 
atic, the  superior,  and  the  external  thoracic  nerve,  are 
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The  Functions  of  these  Nerves  farther 
illustrated. 

Before  having  recourse  to  experiments 
on  brutes,  we  may  observe  w^hat  takes  place 
in  our  own  bodies.  By  placing  the  hand 
upon  the  neck,  we  may  be  sensible  that  the 
mastoid  muscle  has  two  motions.  The 
lower  extremity  of  the  muscle  is  fixed  when 
we  move  the  head ;  but  when  we  use  the 
muscle  in  inspiration,  the  head,  and  conse- 
quently the  upper  extremity  of  the  muscle, 

all  nerves  of  inspiration.  The  act  of  inspiration  is  pro- 
vided for  in  a  more  especial  manner  than  the  act  of  ex- 
piration. It  requires  more  muscular  effort,  and  is  more 
essential  to  life.  Inspiration  is  the  first  act  of  resuscitated 
life,  the  last  of  exhausted  nature,  and  for  this  reason  the 
muscles  of  inspiration  are  large  and  powerful,  and  the 
nerves  in  a  double  order ;  for  not  only  do  the  lateral 
branches  of  the  spinal  marrow  influence  the  act  of  in- 
spiration, but  these  additional  respiratory  nerves  descend 
from  the  upper  part  of  the  spinal  marrow  to  the  chest, 
as  an  additional  and  especial  provision,  guarding  life. 

P 
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are  fixed.  Now,  if  we  endeavour  to  raise 
the  sternum  through  the  operation  of  this 
muscle,  we  shall  find  that  other  muscles  are, 
insensibly  to  us,  brought  into  action,  which 
have  nothing  to  do  with  this  raising  of  the 
sternum.  For  example,  if  we  strain  to 
raise  the  lower  extremity  of  the  muscle,  we 
shall  unavoidably  produce  an  action  of  the 
muscles  of  the  nostrils ;  by  which  associ- 
ation of  actions,  we  shall  discover,  that  we 
are  using  the  mastoideus  as  a  respiratory 
muscle.  If  we  reverse  the  action,  and  move 
the  upper  extremity  of  the,  muscle,  other 
muscles  will  be  drawn  into  co-operation, 
but  they  will  be  such  as  assist  in  the  motion 
given  to  the  head.  Or  we  may  vary  the 
operation  in  another  way.  In  snuffing  or 
smelling,  if  we  place  the  fingers  on  the 
portions  of  the  mastoid  muscles  which  are 
attached  to  the  sternum,  we  shall  find  every 
little  motion  of  the  nostrils  accompanied 
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with  corresponding  actions  of  the  sternal 
portions  of  the  muscles  in  the  neck. 

When  a  man  suffers  fracture  of  the  spineat 
the  sixth  cervical  vertebrae,  and  the  marrow 
is  crushed,  he  continues  to  breathe  by  the 
influence  of  the  three  nerves  which  arise 
above  the  injured  portion.  He  inspires  with 
force ;  but  he  cannot  perform  expiration  by 
muscular  effort,  it  is  only  by  the  elasticity 
and  gravitation  of  the  parts.  He  can  yawn, 
for  that  is  an  action  of  drawing  the  breath; 
but  he  cannot  sneeze,  for  that  is  an  action 
of  expelling  the  breath.  But  this  is  a  sub- 
ject so  curious  in  itself,  and  which  has  hi- 
therto been  considered  so  carelessly,  that  I 
shall  reserve  it  for  a  distinct  dissertation.** 

A  man  having  a  complete  hemiplegia, 

*  See  the  observations,  p.  221. 
p  2 
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the  side  of  his  face  relaxed,  the  arm  hang- 
ing down  powerless,  and  the  leg  dragged  in 
walking,  we  were  curious  to  know  if  the 
influence  pervaded  all  the  nerves  of  the 
side,  or  only  the  regular  or  voluntary 
nerves.  Some  trouble  was  taken  to  make 
him  heave  up  the  shoulder  of  the  debilitated 
side,  but  to  no  purpose.  He  could  only 
do  it  by  bending  the  spine  to  the  other  side, 
and  as  it  were  weighing  up  the  paralytic 
shoulder.  But  on  setting  him  fairly  in 
front,  and  asking  him  to  make  a  full  inspi- 
ration, both  shoulders  were  elevated  at  the 
same  time  that  both  the  nostrils  were  in 
motion.  The  respiratory  nerve  of  the  face, 
and  the  superior  respiratory  nerve,  were 
entire  in  their  office ;  and,  although  the  re- 
gular system  of  nerves  refused  acting,  the 
sterno-mastoideus and  the  trapezius  partook  of 
their  share  in  the  act  of  respiration.  Seeing 
that  the  mastoid  muscle  has  two  sets  of 
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nerves,  that  one  of  these  is  of  the  class  of 
voluntary  nerves,  and  the  other  of  respira- 
tory nerves,  are  we  not  borne  out  in  con- 
cluding, that  when  the  head  is  moved,  be- 
ing a  voluntary  act  strictly,  it  is  performed 
through  the  common  class  of  voluntary 
nerves  ?  that  when  the  chest  is  raised,  it  is 
an  act  of  respiration,  and  is  effected  through 
those  nerves  which  controul  the  muscles  in 
respiration? 

This  conclusion  is  confirmed  by  the  fol- 
lowing experiment.  In  the  ass,  there  are 
two  muscles  which  take  the  office  of  the 
mastoid  muscle  ;  one  is  inserted  into  the 
jaw,  which  we  may  call  sterno-maxillaris, 
and  the  other  into  the  vertebrae,  viz.  sterno- 
vertebralis.  To  these  the  superior  respira- 
tory nerve  (or  spinal  accessory)  is  distri- 
buted in  its  pasage  to  the  trapezius.  These 
muscles  are  at  the  same  time  supplied  with 

p  3 
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numerous  nerves  directly  from  the  spinal 
marrow.  If  we  expose  the  superior  respi- 
ratory nerve,  and  then  induce  excited  re- 
spiration, so  as  to  bring  these  muscles  into 
powerful  action  in  combination  with  the 
other  muscles  of  respiration,  and  if,  while 
this  action  is  performed,  we  divide  the 
nerve,  the  motion  ceases,  and  the  muscle 
remains  relaxed  until  the  animal  brings  it 
into  action  as  a  voluntary  muscle. 

An  ass  being  thrown,  its  phrenic  nerves 
were  divided,  on  which  a  remarkable  heav- 
ing of  the  chest  took  place.  It  rose  higher, 
and  the  margins  of  the  chest  were  more 
expanded  at  each  inspiration.  There  was 
no  particular  excitement  of  the  muscles  of 
the  neck,  shoulder,  or  throat,  at  this  time; 
so  that  to  excite  the  actions  of  these  mus- 
cles it  was  necessary  to  compress  the  nos- 
trils.    When  they  began  to  act  with  more 
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violence,  keeping  time  with  the  actions  of 
the  other  muscles  of  respiration,  the  supe- 
rior respiratory  nerve  was  divided ;  imme- 
diately the  action  ceased  in  the  muscles  at- 
tached to  the  sternum  of  the  side  where  the 
nerve  was  divided,  while  the  corresponding 
muscles  of  the  other  side  continued  their 
actions. 

After  dividing  the  spinal  marrow  between 
the  vertebrae  of  the  neck  and  those  of  the 
back,  respiration  is  continued  by  the  dia- 
phragm ;  which  experiment,  as  it  is  often 
mentioned  by  physiologists,  the  author  has 
not  thought  it  necessary  to  repeat,  but  only 
to  institute  the  following  experiment  on  an 
ass.  The  phrenic  nerves  being  first  divided, 
and  then  the  spinal  marrow  cut  across  at 
the  bottom  of  the  cervical  vertebrae,  respir- 
ation was  stopped  in  the  chest ;  but  there 
continued  a  catching  and  strong  action  at  re- 

p4 
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gular  intervals  in  the  muscles  of  the  nostrils, 
face,  and  side  of  the  neck.  The  main  part 
of  the  apparatus  of  respiration  was  stopped, 
but  these  accessory  muscles  remained  ani- 
mated, and  making  ineffectual  endeavours 
to  perform  the  respiration.  When  apparent 
death  had  taken  place,  the  ass  was  re-ani- 
mated by  artificial  breathing,  and  then 
these  muscles  on  the  face  and  neck  were 
restored  to  activity,  and  became  subject  to 
regular  and  successive  contractions,  as  in 
excited  respiration,  whilst  the  chest  re- 
mained at  rest.  These  actions  continued 
for  a  short  time,  and  then  ceased;  but  upon 
artificial  respiration  being  again  produced, 
the  same  results  followed.  This  was  re- 
peated several  times,  the  animal  remaining 
insensible  during  these  experiments. 

Upon   stimulating  the   nerves  after  the 
death  of  this  animal,  it  was  observed,  that 
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the  class  of  respiratory  nerves  retained 
their  power  of  exciting  their  respective 
muscles  into  action,  long  after  the  other 
nerves  had  ceased  to  exert  any  power; 
they  were  evidently  of  that  class  which  re- 
tain their  life  the  longest. 

It  is  a  duty  to  avoid  the  unnecessary  re- 
petition of  experiments,  and  I  have  now 
to  make  a  short  statement  of  facts,  resting 
on  the  highest  authorities :  experiments 
made  without  reference  to  the  views  now 
presented  to  the  Society. 

The  division  of  the  recurrent  branch  of 
the  par  vagum  destroys  the  voice.  * 

The  division  of  the  laryngeal  branch  of 
the  par  vagum  stops  the  consent  of  motion 

*  Sectis  ambobus  nervis  recurrentibus  vox  perit : 
Arnemanriy  Sommerring,  Morgagm, 
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between  the  muscles  of  the  glottis  and  the 
muscles  of  the  chest.* 

The  injury  or  compression  of  the  par 
vagum  produces  difficulty  of  breathing.f 

By  the  assistance  of  these  well-known 
facts,  we  complete  the  knowledge  of  the 
circle  of  actions  which  result  from  the  re- 
spiratory nerves. 

The  medulla  oblongata  and  spinalis  are 
composed  of  columns  of  nervous  matter^ 
and  from  the  different  powers  of  the  nerves, 
as  they  arise  from  the  one  or  other  of  these 
columns,  it  is  proved  that  they  possess  distinct 
properties.     In  animals  that  breathe  by  ribs 

*  Le  Gallois. 

+  Vinculo  compressis  nervis  vagis  oriUntur  in  bestiis 
spirandi  difficultas,  surditas,  vomitus,  corruptio  ciborum 
in  ventriculo.  Sommerring,  Haller,  Brun  de  ligaturis 
nervorum. 
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and  a  numerous  class  of  muscles,  and  which 
animals  have  a  spinal  marrow,  we  see  that 
a  column  of  nervous  matter  is  embraced 
between  the  anterior  and  posterior  virgcB 
of  that  body,  and  that  this  portion  may  be 
traced  downwards  between  the  roots  of  the 
spinal  nerves.  From  the  upper  part  of  this 
column,  where  it  begins  in  the  medulla  oh- 
longatu^  the  several  nerves  proceed  which 
have  formed  the  subject  of  these  papers, 
and  on  the  influence  of  which,  it  has  been 
proved,  the  motions  of  respiration  princi- 
pally depend.  It  is  not  an  extravagant 
conclusion  to  say  farther,  that  the  power  of 
the  regular  succession  of  intercostal  and 
lumbar  nerves,  as  far  as  they  regulate  the 
respiratory  actions,  proceeds  from  the  con- 
nections of  the  roots  of  these  nerves  with 
this  column,  which  is  continued  downwards, 
and  which  can  throughout  be  distinguished 
from  the  rest  of  the  spinal  marrow. 
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We  are  now  enabled  to  distinguish  the 
influence  of  the  spinal  marrow,  and  its 
regular  succession  of  nerves,  from  those 
which  have  been  traced  in  these  papers. 
The  first  are  essential  to  the  act  of  respira- 
tion ;  without  them  the  others  are  unequal 
to  the  task.  But  on  the  other  hand,  al- 
though the  regular  succession  of  spinal 
nerves  be  equal  to  the  raising  and  depress- 
ing the  thorax,  they  are  not  equal  to  the 
full  heaving  of  the  chest  in  animated 
exertion  of  the  voice.  They  are  not  com- 
petent to  the  performance  of  the  motions 
of  the  glottis,  pharynx,  lips,  and  nostrils, 
which  several  parts  are  necessarily  in- 
fluenced in  excited  respiration,  as  well  as 
in  the  acts  of  smelling,  coughing,  sneezing, 
and  speaking :  for  these,  the  co-operation 
of  the  whole  extended  class  of  respiratory 
nerves  is  required. 
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Surveying  the  complicated  machinery 
which  in  man  is  prepared  for  these  various 
offices,  we  may  reap  the  benefit  of  these 
fatiguing  details,  in  the  contemplation  of 
the  most  interesting  phenomena  in  nature. 
The  relations  of  the  subject  may  be  pre- 
sented under  the  heads  of  pathology,  and 
expression. 

On  the  Actions  of  Respiration  in  those  who 
have  suffered  Fracture  of  the  Spine  at  the 
lower  Cervical  Vertebrce. 

When  the  spinal  marrow  is  crushed  at 
the  upper  part  of  the  spine,  the  man  dies 
instantly ;  but  if  the  spinal  marrow  be 
crushed  opposite  to  the  lower  part  of  the 
neck,  although  the  injury  be  such  as  to  de- 
prive him  of  all  sense  and  all  voluntary 
motion  of  the  parts  below,  he  continues  to 
breathe. 


222      ON    THE    NERVES    WHICH    ASSOCIATE 

It  has  been  stated  by  our  first  authorities, 
that  a  man  in  these  circumstances  breathes 
by  his  diaphragm,  in  consequence  of  the 
phrenic  nerve,  which  suppHes  that  muscle, 
taking  its  origin  from  the  spinal  marrow 
above  the  part  injured.  But  the  observa- 
tions have  been  inaccurately  made  which 
have  led  to  this  opinion.  I  shall  first  show 
how  untenable  such  a  supposition  is,  and 
then  detail  the  phenomena  which  attend 
the  fracture  of  the  spine  at  this  part ;  and, 
finally,  show  that  other  nerves,  besides  the 
phrenic,  descend  from  the  same  source  to 
supply  the  exterior  muscles  of  the  chest, 
and  that  it  is  through  their  influence  the 
act  of  respiration  is  continued. 

The  diaphragm  is  that  muscular  septum 
which  divides  the  thorax  and  abdomen,  and 
by  the  descent  of  which  the  depth  of  the 
cavities  of  the  chest  is  increased  in  inspira- 
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tion.  When  it  has  acted  and  descended, 
and  the  air  is  admitted  into  the  lungs,  that 
air  is  again  expelled  by  the  re-action  of  the 
abdominal  muscles.  These  muscles  com- 
press the  viscera,  and,  by  pushing  them  up, 
raise  the  relaxed  diaphragm,  preparing  it 
for  another  effort  of  inspiration.  Is  it  not 
obvious,  that  if  the  power  of  the  diaphragm 
remains  entire,  and  the  power  of  the  abdo- 
minal muscles  be  lost,  that  the  respiration 
must  stop?  It  would  be  so,  were  it  not  that 
there  are  other  muscles  and  other  nerves 
no  less  important  than  the  diaphragm  and 
the  phrenic  nerves,  and  which  physiologists 

have  not  contemplated, 

\-  ■ 

In  the  first  part  of  this  paper  it  is  shown 
that  the  sterno-cleido-mastoideus,  the  trape- 
zius^  and  the  serratus  magnus,  are  muscles 
calculated,  by  their  combined  operation,  to 
raise  the  chest  with  great  force,  and  to  per- 
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form  inspiration.  It  is  also  shown  that  the 
nerves  there  described  as  the  superior  and 
the  external  respiratory  nerves,  take  their 
course  exclusively  to  those  muscles  which 
act  upon  the  chest,  and  that  what  the 
phrenic  nerves  are  to  the  diaphragm,  these 
are  to  the  three  great  exterior  muscles.  It 
is  further  shown  in  this  paper,  that  as  all 
these  nerves  take  their  origins  from  the  same 
part  of  the  spinal  marrow,  they  are  conse- 
quently in  the  same  circumstances  as  to 
fracture  of  the  spinal  tube.  When  the 
spine  is  fractured  at  the  lower  cervical  ver- 
tebras, these  nerves  escape  injury,  and  con- 
tinue to  animate  the  muscles  exterior  to 
the  ribs  as  well  as  the  diaphragm. 

The  great  importance  of  these  exterior 
nerves  and  muscles  to  the  continuance  of 
life  will  be  proved  by  the  following  cases. 
I  have  purposely  omitted  all  the  detail  of 
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practice,  and  have  taken  the  symptoms 
purely  in  a  physiological  view,  and  as  if  it 
were  an  experiment  instead  of  a  most  afflict- 
ing accident  to  a  fellow  creature. 

Within  the  space  of  one  month  these 
three  instances  of  fracture  of  the  vertebrae 
of  the  neck  have  occurred  in  my  practice. 
In  one  instance,  the  hones  were  broken  at 
the  lower  part  of  the  neck,  and  the  patient 
lived  some  days.  In  the  second  instance, 
the  vertebrse  of  the  neck  were  fractured  in 
the  middle  of  the  neck,  and  the  man  lived 
half  an  hour.  In  the  last  instance,  the  up- 
permost vertebra  was  fractured^  and  the 
death  was  immediate. 

CASE  I. 

Percy  Ward,  29th  May.  —  Charles  Os- 
borne, aetat.  26.  —  On  Saturday  evening  this 
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man  was  putting  pulleys  into  a  window  sash 
when  the  small  steps  on  which  he  stood 
slipped  from  under  him,  and  he  was  preci- 
pitated through  the  window  into  the  area,  a 
height  of  13  feet.  He  thinks  he  fell  upon 
his  back ;  but  he  is  uncertain,  as  he  lay  for 
some  time  senseless.  He  lies  now  in  bed, 
supine  and  powerless,  but  describes  the  part 
injured  to  be  the  spine  betwixt  the  scapulae. 
As  we  desire  to  have  only  the  essential  fea- 
ture of  this  case,  it  is  better  to  say  at  once, 
that  this  was  a  deception,  that  he  felt  the 
pain  of  the  injury  at  a  point  considerably 
lower  than  the  fracture,  and  that  on  his 
death  it  was  discovered  that  the  arches  and 
bodies  of  the  sixth  and  seventh  cervical  ver- 
tebrae were  broken. 

The  lower  extremities  are  motionless  and 
insensible.     He  can  raise  his  shoulders  and 
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bend  his  arm,  but  over  the  motion  of  the 
hands  he  has  no  power. 

Another  report  adds, —  his  expression  is 
singular ;  he  says  he  can  move  his  arm  by 
the  strength  of  his  shoulders,  which  is  ex- 
actly true,  for  by  moving  the  shoulder  he 
can  give  a  certain  rotary  motion  to  the 
humerus,  and,  consequently,  move  the  fore- 
arms when  they  are  bent  at  the  elbow. 
The  skin  of  the  arms,  however,  retains  its 
sensibility  to  the  point  of  a  pin.  The  ab- 
dominal muscles  are  relaxed,  and  the  vis- 
cera feel  flaccid.  He  can  make  no  effort  to 
expel  the  urine  ;  his  urine  is  drawn  oif  by 
the  catheter,  and  his  faeces  pass  involun- 
tarily :  there  is  priapism.  When  I  induce 
him  to  attempt  an  effort  and  to  strain,  no 
change  on  the  abdominal  muscles  can  be 
felt;  there  is  no  firmness  or  rigidity  in 
them.     The  integuments  of  the  abdomen 

Q  2 
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and  of  the  chest,  as  high  as  the  nipples,  are 
insensible, 


His  breathing  is  frequent,  and  at  each  in-* 
spiration  the  chest  is  heaved  with  a  short 
and  quick  movement;  at  each  expiration  the 
abdomen  is  protruded  with  a  sudden  shock 
and  undulation.  The  belly,  during  this  effort 
of  breathing,  is  uniformly  soft  and  full, 
when  drawn  in  it  is  by  the  elevation  of  the 
ribs,  and  when  the  chest  falls  it  is  pro- 
truded. 

He  has  been  observed  to  yawn  naturally. 
Query.  Can  he  cough  ? 

An  examination  has  been  made  to-day  to 
answer  this  query.  When  he  is  asked  to 
cough,  he  pulls  up  the  ribs  and  extends  the 
chest,  and  lets  them  fall :  he  coughs,  but 
iiot  strongly:  it  is  obviously  by  his  power 
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of  raising  the  chest  and  giving  elasticity  to 
the  ribs,  and  by  the  weight  of  the  parts 
falhng,  that  he  is  enabled  to  expel  the 
breath.  He  cannot  divide  the  expiration 
into  two  coughs,  nor  give  two  impulses  to 
the  air ;  but  each  time  he  coughs  the  ele- 
vation of  the  chest  must  precede  it. 

On  spreading  the  hands  and  fingers  on 
the  side  of  his  chest  the  action  of  the  ser- 
ratus  muscle  could  be  felt,  and  also  the 
lower  margin  of  the  trapezius  muscle  was 
felt  to  become  firm  during  the  act  of  inspir- 
ation, as  when  he  prepared  to  speak. 

Being  asked  if  he  had  sneezed  by  any 
chance,  his  answer  was  —  "  No,  sir ;  I  can- 
not blow  my  nose."  This  was  not  that  he 
could  not  raise  his  hand  to  his  head :  he 
was  conscious  of  wanting  the  power  of 
forcibly  expelling  the  air.     Mr.  B.,  taking 

Q  3 
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a  handkerchief  from  a  nurse,  and  holding 
the  patient's  nose  as  a  woman  does  a  child's, 
the  patient  could  not  blow  the  nose ;  he 
could  not  give  that  sudden  impulse  of  ex- 
piration which  is  necessary. 

In  one  of  the  reports  of  this  case  it  was 
stated  that  the  patient  was  disturbed  by 
horrible  dreams.  This  is  very  likely  from 
the  respiration  being  in  part  obstructed ; 
but  I  omitted  to  verify  that  observation 
during  the  patient's  life. 

It  is  remarkable  in  this  case,  that  on 
feeling  his  stomach  he,  of  his  own  accord, 
marks  the  difference  of  sensibility,  internal 
and  external.  He  says  he  feels  internally, 
but  he  does  not  feel  on  his  skin.  He  feels 
me  when  I  press  the  stomach,  and  has  com- 
plained of  the  griping  from  his  medicines. 
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This  man  died  in  the  night  of  the  seventh 
day  from  the  accident.  The  night  nurse 
gave  no  particular  description  of  the  man- 
ner of  his  death,  further  than  that  he 
seemed  to  desire  to  speak  and  could  not : 
he  made  attempts  to  articulate,  but  could 
not. 

CASE  11. 

James  Saunders,  aetat.  45,  June  30.  — 
This  man  fell  only  four  feet,  but  he  fell 
backwards,  and  struck  his  neck  against  an 
iron  railing.  The  transverse  processes  of 
his  fifth  and  sixth  cervical  vertebras  were 
found  fractured ;  and  there  was  diastasis  of 
the  articulations  between  these  vertebras. 
The  body  of  the  sixth  vertebra  was  frac- 
tured. The  spinous  processes,  also,  of  the 
fourth  and  fifth  vertebrae  were  found  frac- 
tured at  their  bases. 

Q  4 


232      ON    THE   NERVES    WHICH    ASSOCIATE 

The  house  surgeon  reports  of  this  man, 
that  when  he  was  brought  into  the  hospital 
he  was  perfectly  sensible  ;  that  his  face  in- 
dicated great  alarm  and  anxiety.  Every 
time  he  drew  his  breath  it  was  attended 
with  an  effort  to  raise  the  shoulders,  and  a 
contraction  of  the  muscles  of  the  throat : 
every  time  he  breathed  his  head  appeared 
to  sink  beneath  his  shoulders.  On  putting 
his  hand  on  the  pit  of  his  stomach  no  mo- 
tion of  the  viscera  of  the  abdonien  could 
be  perceived.  He  had  no  feeling  even  in 
the  upper  part  of  his  chest :  he  had  feeling 
on  his  face  and  neck,  and  indistinctly  near 
the  collar  bone.  He  had  a  motion  of  his 
hands,  a  sort  of  rolHng  motion,  which  may 
have  proceeded  from  the  shoulders.  When 
he  spoke  it  was  in  a  tremulous  voice,  like  a 
man  frightened  :  his  voice  was  weak,  but  he 
did  not  speak  in  a  whisper  :  the  sound  of 
his    voice    was    more    like    sighing    than 
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common  breathing.  Pulse  was  felt  at  his 
wrist.  In  ten  minutes  after  he  was  brought 
in,  half  an  hour  from  the  time  of  the  acci- 
dent, he  died. 

CASE  III. 

On  the  following  day  a  man  was  brought 
into  the  hospital  dead.  He  had  fallen  fifty 
feet,  and  had  lighted  on  the  ground  upon 
both  his  shoulders.  By  the  accounts  of 
the  men  who  carried  him  to  the  hospital, 
he  appears  to  have  been  instantaneously 
killed.  The  dissection  sufficiently  proved 
that  he  was  killed  suddenly.  For  besides 
extensive  fracture  and  injury  to  the  lower 
part  of  the  spine,  the  atlas  and  dentata 
were  found  likewise  fractured.  The  tooth- 
like process  of  the  vertebra  dentata  was 
broken  through  just  at  its  base.  It  was 
separated  completely,  and  was  found  em- 
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braced  by  the  transverse  ligament  in  its 
natural  situation  upon  the  atlas.  The  arch 
of  the  atlas  was  partially  fractured  on  each 
side,  and  a  portion  of  its  body,  where  the 
process  of  the  dentata  rolls  upon  it,  was 
also  fractured  and  detached.* 

*  A  young  man  was  brought  into  the  Middlesex 
Hospital,  who  had  fallen  upon  his  head.  He  soon  re- 
covered, and  lay  for  some  time  in  the  hospital  without 
exhibiting  a  symptom  to  raise  alarm.  He  had  given 
thanks  to  the  assembled  governors  of  the  hospital,  and 
had  returned  into  the  ward  for  his  bundle,  when,  on 
turning  round  to  bid  adieu  to  the  other  patients,  he  fell, 
and  in  the  instant  expired.  Upon  examining  his  head,  it 
was  found  that  the  margins  of  the  occipital  hole  had  been 
broken :  no  doubt  it  had  happened  that,  in  turning  his 
head  the  pieces  were  displaced,  and  closed  and  crushed 
the  medulla  oblongata,  as  it  passes  from  the  skull. 

A  man  was  trundling  a  wheel-barrow  in  Goodge 
Street,  which  is  immediately  adjoining  the  Middlesex 
Hospital :  in  going  from  the  carriage-way  to  the  flag- 
stones he  met  the  impediment  of  the  curb-stone.  He 
made  several  efforts  to  overcome  it,  and  at  length  draw- 
ing back  the  wheel-barrow  he  made  a  push,  and  suc- 
ceeded ;  but  the  wheel  running  forward,  he  fell,  and 
remained  motionless.     He  was  taken  into  the  hospital, 
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c  In  the  above  narratives  we  have  the  ac- 
count of  those  symptoms  which  accompany 
fracture  of  the  cervical  vertebrae,  and  which 
have  hitherto  been  neghgently  considered, 
from  an  entire  want  of  interest  in  the  sub- 
ject. It  appeared  to  me  very  distinctly, 
that,  in  the  case  first  described,  the  man 
had  the  power  of  drawing  his  breath  by 
muscular  exertion  ;  but  that  the  expulsion 
of  the  breath  was  not  a  muscular  effort,  but 
occasioned  entirely  by  the  elasticity  of  the 
ribs  and  the  gravitation  of  the  parts  forci- 


but  he  was  found  to  be  quite  dead.  The  tooth-Hke 
process  of  the  second  vertebra  of  the  neck  had  burst 
from  the  transverse  ligament  of  the  first.  The  impulse 
given  to  the  head  had  done  this  violence,  and  had  at  the 
same  time  carried  forward  the  spinal  marrow  against  the 
process,  and  on  which  it  was  crushed. 

These  cases  occurred  before  my  time,  but  I  have  had 
two  instances  of  sudden  death  from  the  dislocation  of 
the  atlas  from  the  second  vertebra  of  the  neck.  In 
short,  the  fact  is  perfectly  well  ascertained. 
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bly  raised  by  the  action  of  the  muscles* 
This  was  evident  in  the  total  want  of  the 
power  to  exert  the  abdominal  muscles,  or 
to  compress  or  depress  the  chest  above  its 
condition  of  rest ;  in  the  necessity  of  rais- 
ing the  chest  at  the  utterance  of  each  word; 
in  the  perfect  power  of  yawning,  which  is 
a  gradual  and  powerful  act  of  inspiration  ; 
in  the  want  of  the  power  of  sneezing  or 
blowing  the  nose,  which  is  a  sudden  call  of 
the  muscles  of  expiration  into  action. 

The  strongest  reason  of  all  for  this  view 
of  the  use  of  these  nerves,  which  I  have 
called  respiratory,  is,  that  respiration  and 
the  activity  of  the  muscles  of  the  chest  did 
actually  continue  after  the  functions  of  the 
spinal  marrow  were  destroyed  by  violence 
done  to  the  tube,  and  that  there  is  no 
other  explanation  of  the  fact  than  this,  that 
those  nerves  which  take  their  origin  from 
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the  medulla  oblongata  and  upper  part  of 
the  spinal  marrow,  and  which  descend  upon 
the  neck  and  chest,  did  continue  to  animate 
the  sterno-cleido  mastoideus  and  the  trape- 
zius, and  the  muscles  of  the  throat,  in  the 
act  of  inspiration.  We  have  only  further 
to  recollect,  that  it  was  not  the  forcible, 
occasional,  and  voluntary  motions  of  respir- 
ation that  were  thus  preserved,  but  that  by 
the  same  means,  viz.,  the  superior,  the  ex- 
ternal, and  the  phrenic  nerves,  the  play 
of  the  chest  in  respiration  during  sleep  was 
continued. 

In  the  second  case,  it  is  clearly  proved, 
both  by  the  symptoms  and  the  dissection 
of  the  bones,  that  the  fracture  must  have 
affected  the  roots  of  the  phrenic  nerves  ; 
and  we  are  at  liberty  to  conclude,  that  the 
difference  of  symptoms,  in  comparing  it 
with  the  first  case,  as  well  as  the  shorter 


238       ON    THE    NERVES   WHICH    ASSOCIATE 

period  of  his  sufferings,  was  owing  to  this 
cause. 

The  manner  of  breathing  was  very  dif- 
ferent, and  is  described  by  our  house  sur- 
geon *  in  a  manner  to  produce  conviction. 
His  breathing  was  like  sighing ;  and  at  each 
inspiration  his  head  was  drawn  betwixt  his 
shoulders.  That  is  to  say,  that  by  the  loss 
of  the  action  of  the  diaphragm  the  action 
was  thrown  on  the  muscles  exercised 
through  the  spinal  accessory  nerve,  and 
this  is  confirmed  by  what  is  said  of  the 
want  of  motion  in  the  viscera  of  the  ab- 
domen ;  for,  as  it  was  proved  in  the  first 
case,  at  each  contraction  of  the  diaphragm 
the  viscera  of  the  abdomen  are  propelled 
outward. 

The  want  or  defect  of  action  in  the  dia- 

*  Mr.  Turner. 
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phragm,  and  the  action  of  breathing  being 
circumscribed  to  the  muscles  of  the  neck 
and  shoulders,  were  undoubtedly  the  cause 
of  the  patient  sinking  so  soon. 

In  the  last  case,  it  appears,  the  spinal 
marrow  being  injured  so  high  up  as  to  de- 
stroy the  roots  of  all  the  respiratory  nerves 
the  death  was.  sudden,  as  in  pithing  an 
animal. 

When  we  have  ascertained  these  facts 
certain  queries  are  naturally  suggested. 
Why  should  these  respiratory  nerves,  which 
descend  from  above  upon  the  thorax,  go 
only  to  muscles  which  assist  in  raising  and 
expanding  the  chest?  Why  should  the 
act  of  inspiration  be  secured  by  a  double 
provision  of  nerves,  viz.,  those  which  come 
out  from  the  sides  of  the  spine,  and  those 
which  descend  from  the  neck,  when  the  act 
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of  expiration  is  provided  for  solely  through 
the  former  ? 

I  would  offer  these  reasons  :  — 

Firsts  The  act  of  drawing  the  breath  is 
the  more  difficult,  and  requires  the  more 
force ;  the  act  of  expiration  is  compara- 
tively easy,  being  assisted  by  the  weight  of 
the  parts  incumbent  on  the  ribs  as  well 
as  the  resiliency  or  elasticity  of  the  ribs 
themselves. 

Second^  The  act  of  inspiration  is  the 
active  state  ;  the  condition  of  expiration  is 
a  state  of  rest 

Thirds  The  inspiration  is  necessary  to 
life,  and  must  be  guarded  with  more  care, 
and  performed  with  more  force  than  the 
expiration.  In  one  suffocating,  the  agony 
is  in  elevating  the  chest  and  drawing 
the  breath.       On    the  approach    of  death 
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the  inspiration  becomes  more  laboured, 
that  is,  the  exterior  muscles  are  in  violent 
action;  but  the  act  of  expiration  is  an  in- 
terval of  rest. 

Fourth^  These  nerves,  which  govern  the 
muscles  of  inspiration,  are  linked  more  in- 
timately by  sympathy  with  the  state  of  cir- 
culation and  respiration ;  for  we  see  in 
disease,  as  in  experiments  on  animals,  that 
when  the  powers  of  life  have  run  low,  the 
sympathy  is  still  exerted  with  such  sudden 
catching  of  the  muscles  of  inspiration,  and 
with  an  eifort  so  powerful  and  unexpected 
as  to  startle,  while  the  expiration  is  soft 
and  without  effort.  We  perceive  the  same 
sympathy  causing  the  same  sudden  and 
powerful  inspirations,  and  marking  the 
presence  of  life,  when  a  person  is  recover- 
ing from  fainting,  or  from  suspended  anim- 
ation, from  whatever  cause;  as  drowning, 
haemorrhage,   &c.      The    sudden   inspira- 
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tion  is  always  the  first  of  the  renewed 
actions  of  life,  as  it  is  the  last  in  exhausted 
nature. 

This  corresponds  with  the  experiments 
made  on  animals.  When  the  sensibility  is 
exhausted  in  the  common  spinal  nerves, 
&om  the  ebbing  of  life,  the  respiratory 
nerves  on  the  neck  and  side  of  the  chest 
are  still  capable  of  exciting  the  muscles  to 
renewed  vibrations;  they  are  the  last  to 
die* 

These  considerations  exhibit  the  import- 
ance of  the  act  of  inspiration  over  that  of 
expiration,  and  prove  the  necessity  for  these 
exterior  nerves  of  respiration,. 

We  have  seen  by  experiments,  that  the 
respiratory  nerves  are  distinguished  from 
tliQ  Qtlien  nerves  by  retaining  their  powjer 
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longer :  that  they  are  alive  to  impression, 
and  can  be  made  to  produce  convulsions  in 
the  muscles  they  supply,  after  the  other 
nerves  are  dead  to  the  application  of  sti- 
muli. In  disease,  during  the  oppression  of 
the  mental  faculties,  and  on  the  approach 
of  death,  we  witness  these  nerves,  and  the 
muscles  put  into  operation  by  them,  con- 
tinuing their  functions,  when  in  other  re- 
spects the  body  is  dead.  This  circum- 
stance, so  familiar  to  the  medical  observer,' 
might  have  led  to  the  conclusion  to  which 
we  have  arrived,  more  laboriously,  through 
anatomical  investigations  ;  that  there  are  a 
great  many  muscles  extended  over  the  body,^ 
and  which  perform  the  common  offices 
under  the  will,  which  are  occasionally  drawn 
into  combination  with  the  muscles  of  respi- 
ration, and  are  held  in  relation  to  the  vital 
functions  by  a  distinct  system  of  nerves,' 
and  that  these  nerves  have  a  centre  and  a 

R  2 
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source    of   power,    different  from  that  of 
the  voluntary  nerves. 


Some  further  Remarks  on  the  Pathology  of 
the  Respiratory  System  of  Nerves. 

However  strange  it  may  appear  to  edu- 
cated and  reflecting  men,  there  are  not 
wanting  those  who  say,  to  what  object  are 
all  these  discoveries  tending  ?  what  is  the 
good  of  them  ?  they  do  not  assist  us  in 
practice, 

I  imagine  nothing  can  gratify  such  persons 
but  what  appears  in  figures  on  their  books. 
The  advance  of  science  is  nothing  to  them  ; 
they  consider  only  what  is  their  own  rela- 
tive situation,  as  to  the  gains  of  their  pro- 
fession. But  as  I  am  looking  to  a  very 
different  class  of  readers,— those  who  are 
advancing  in  the  study  of  their  profession. 
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and  who  are  anxious  to  have  the  means  of 
faithful  observation  laid  in  a  knowledge  of 
the  structure  of  the  human  body,  I  shall 
proceed  to  state  some  instances  of  the  direct 
use  to  be  made  of  the  knowledge  of  the 
nervous  system,  as  set  forth  in  the  pre- 
ceding pages.  ' 

When  we  survey  the  full  extent  of  the 
respiratory  system  of  nerves,  we  are  pre- 
pared to  comprehend  its  importance  to  the 
continuance  of  life.     The  infant  born  with- 
out a  brain  can  breathe  if  the  origins  of 
these  nerves  be  entire.     Deep  wounds  of 
the  brain,  though  eventually  fatal,  are  not 
necessarily,    or    instantly    so.      The   man 
wounded  in  the  spine  below  the  origins  of 
the  nerves  which  we  have  traced,  drags  on 
existence  for  a  few  days ;  but  a  bruise  on 
the   part  of  the   medulla  oblongata^   from 
which  these  nerves  take  their  departure,  is 

R  3 
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death  in  the  instant ;  a  breath  is  not  drawn 
again. 

In  describing  the  effects  of  violence  on 
the  medulla  oblongata,  authors  have  attri- 
buted the  sudden  death  to  injury  of  the  roots 
of  the  nerves  of  the  par  vagum ;  and  yet  we 
have  a  statement  from  the  same  authority, 
that  an  animal  will  survive  the  division  of 
both  nerves  of  the  par  vagum.  Now  that 
we  find  that  many  respiratory  nerves  depart 
from  the  same  centre,  and  go  out  to  all  the 
parts  of  the  muscular  frame,  which  move  in 
respiration,  we  can  better  comprehend, 
how  injury  of  the  medulla  oblongata  sup- 
presses at  once  the  act  of  respiration  in  the 
nostrils,  throat,  and  windpipe,  as  well  as 
the  action  of  the  muscles  both  without  and 
within  the  chest;  even  the  expression  of 
the  agony  of  dying  is,  by  the  injury  of  the 
roots  of  all   these  nerves,  suddenly  inter- 
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rupted,  and  actual  death  follows  quickly^ 
owing  to  the  cessation  of  the  respiratory 
functions. 

The  first  thing  that  strikes  us  is  the  vital 
character  of  these  nerves,  called  respiratory; 
that  as  they  form  a  system  belonging  to  the 
heart,  lungs,  stomach,  larynx^  throat,  and 
the  whole  exterior  association  of  muscles 
of  respiration,  they  must  be  essential  to  life, 
and  influenced  in  all  mortal  affections ;  and 
that,  in  fact,  death  cannot  take  place  whilst 
this  division  of  the  nervous  system  is  un- 
changed or  unaffected.  On  the  contrary, 
the  injury  to  their  function  is  attended  with 
immediate  death,  and  the  change  takes 
place  with  appalling  suddenness;  not  a 
breath  is  drawn,  nor  a  word  uttered,  nor  a 
struggle  to  indicate  pain,  nor  a  feature 
discomposed. 

R  4 
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On  the  contrary,  if  other  parts  of  the 
body  are  injured  by  disease  or  accident, 
death  comes  slowly  from  the  rising  of 
inflammation,  or  the  extension  of  the 
influence  slowly  over  the  system ;  at 
length  the  respiratory  system  partakes  of 
the  influence,  the  chest  rises  higher  and 
more  frequently,  an  alarming  symptom, 
when  there  is  reason  to  fear  approaching 
dissolution  ;  the  throat  is  then  affected  ;  the 
whole  apparatus  of  respiration  is  violently 
agitated  ;  the  chest,  neck,  lips,  and  cheeks, 
and  eyelids  are  wrought  with  terrible  con- 
vulsions ;  the  breathing  is  about  to  stop ; 
the  action  returns  with  sudden  and  startling 
effort,  and  then  ceases,  the  patient  dying  in 
the  state  of  expiration,  the  muscles  of  in- 
spiration being  incapable  of  renewing  their 
effort. 

If  it  be  important  to  know  the  approach 
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of  danger,  and  to  distinguish  betwixt  nerv- 
ous agitation  from  the  formidable  symptoms 
of  approaching  dissolution,  it  is  necessary 
to  know  the  causes  of  these  symptoms, 
otherwise  the  physician  is  no  better  than 
the  nurse. 

It  must  happen  that  the  derangement  of 
one  part  of  this  class  of  important  organs 
must  affect  the  other.  The  stomach,  for 
example,  as  the  most  abused  in  its  office, 
is  daily  exhibiting  the  effect  of  its  close 
alliance  with  this  system  of  nerves ;  and 
what  we  learn  from  this  anatomy  of  the 
respiratory  system,  is,  that  the  stomach 
stands  in  close  connection  with  the  respira- 
tory nerves,  and  that  an  irritation  on  the 
stomach  will  have  all  the  effects  of  an  in- 
jury immediate  upon  the  lungs. 

.   If  the  process  of  digestion  should  be  de- 
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ranged  by  exercise  while  the  stomach  is 
full,  and  if  the  food,  which  should  be  per- 
mitted to  move  gradually  from  the  one 
extremity  of  the  stomach  to  the  other,  is 
agitated  and  churned  by  the  exercise  of  the 
body ;  an  anxious  and  breathless  condition 
of  the  respiration  will  be  the  consequence, 
and  an  affection  of  the  lungs  naturally 
apprehended. 

If  there  be  any  affection  of  the  respir- 
atory nerves  already  existing,  the  paroxysm 
of  suffering  will  be  brought  on  or  aggra- 
vated by  the  state  of  the  stomach.  And 
now  let  me  add,  that  as  custom  adapts  the 
body  or  its  individual  parts  to  any  condi- 
tion, and  the  functions  are  performed  in 
circumstances  the  most  adverse  by  habit, 
so  we  may  by  indulgence  let  the  functions 
of  the  stomach  gain  such  a  mastery  over 
the  other  functions  of  these  nerves  as  to 
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pinion  a  man  down  to  his  chair  whenever 
his  stomach  is  in  a  state  of  repletion  and  the 
digestion  commenced  :  when,  on  the  con- 
trary, the  sailor,  the  post-boy,  like  the 
school-boy,  will  take  his  dinner,  and  be 
ready  for  exertion  or  for  play,  and  the  sto- 
mach the  while  will  perform  its  office. 

The  stomach,  heart,  and  lungs  are  un- 
doubtedly the  seat  of  that  affection  which 
is  attended  with  sudden  death ;  when  there 
are  no  tokens  or  symptoms  in  the  agita- 
tions of  the  respiratory  organs,  the  source 
from  which  danger  is  to  be  most  appre- 
hended is  the  stomach  ;  and  founding  on 
the  fact  expressed  above,  I  have  to  suggest 
that  it  is  the  duty  of  the  patient  to  struggle 
against  the  increasing  influence  of  the  sto- 
mach on  the  condition  of  the  respiratory 
organs  :  that  the  physician  has  not  merely 
to  regulate  the  stomach  as  the  organs  of 
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digestion,  but  that  the  patient  has  to  study 
to  preserve  his  wind  or  freedom  of  respir- 
ation against  the  prevailing  influence  of  the 
stomach.  If  a  man,  being  alarmed  at  the 
influence  which  the  state  of  his  digestion  is 
producing  daily  more  and  more  on  the  con- 
dition of  his  respiration  and  the  sensation 
of  his  chest,  if  he  avoids  motion  and  per- 
mits himself  to  be  checked  in  his  exercise, 
and  to  become  sedentary  in  his  habits,  he 
is  running  to  meet  the  disease  in  its  attack. 
On  the  contrary,  he  should  eat  sparingly, 
and  make  continual  and  regular  efforts  to 
exercise  himself  in  that  manner  which  pro- 
duces oppression,  until  in  time  he  shall 
overcome  it  and  destroy  the  disposition. 

One  of  our  athletas  out  of  training  is 
pursy,  breathless,  and  cannot  bear  the  buf- 
fets, shocks,  and  falls  to  which  he  is  liable 
in  a  bruising  bout.  But  by  spare  and 
healthful  diet,  regular  severe  exercise,  mi- 
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mic  combats^  in  which  his  breast,  belly, 
and  head  are  repeatedly  buffeted,  he  is  at 
length  capable  of  standing  under  shocks 
that  would  be  fatal  to  a  man  of  equal 
strength  and  better  constitution,  but  other- 
wise unprepared  for  what  he  is  to  undergo. 
Whether  it  be  an  effort  of  the  body,  or  of 
the  constitutional  strength  ;  whether  it  be 
an  exertion  of  the*  head,  or  hands,  or  feet, 
we  must  come  to  the  full  exercise  gradually 
and  by  slow  degrees.  Thus  I  argue  the 
matter  with  a  man  whose  palpitations  are 
excessive  and  painful ;  on  every  accelerated 
step  he  must  not  altogether  avoid  the  occa- 
sion which  gives  him  uneasiness,  but  by 
encountering  them  repeatedly,  and  by  slow 
degrees,  familiarize  himself  with  the  exer- 
tion. 


As  these  nerves  belong  to  a  distinct  sys- 
tem, and  have  a  different  origin  from  the 
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nerves  of  sensibility  and  common  muscular 
motion,  so  it  is  fair  to  presume  that  they 
will  occasionally  be  affected  by  disease, 
when  the  others  are  left  in  a  natural  and 
healthy  condition.  But  if  the  natural  dis- 
tinctions of  the  nerves  be  negligently  con- 
sidered, the  affection  of  the  respiratory 
nerves  must  remain  obscured.  I  have  al- 
ready had  occasion  to  remark,  that  the  por- 
tio  duraj  or  respiratory  nerve  of  the  face,  is 
very  subject  to  derangement,  producing 
partial  paralysis,  or  frequent  and  spasmodic 
twitchings  of  the  face.  The  most  frequent 
defect  proceeding  from  this  cause  is  a  rapid 
and  twinkling  motion  of  the  eyelid  of  one 
side.  Sometimes  we  find  the  whole  of  one 
side  of  the  face  subject  to  contractions,  by 
which  the  features  are  drawn  towards  the 
ear.  This  condition  of  nerves,  and  conse- 
quent spasmodic  muscular  contractions, 
sometimes  extends  to  the  neck ;  then  we  see 
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the  head  suddenly  twitched  sideways,  at  the 
same  moment  that  the  mouth  is  drawn 
aside.  This  is  a  great  deformity ;  for  while 
the  individual  is  animated  and  speaking 
with  exertion,  he  gives  those  sudden  start- 
ling motions,  opening  his  mouth  and  turn- 
ing it  to  his  shoulder,  as  if  he  were  catching 
flies.  The  neck  is  twisted,  the  head  bent 
down,  and  the  mouth  turned  laterally  and 
opened.  These  motions  must  now  be  attri- 
buted to  the  influence  of  the  respiratory 
nerves  of  the  face  and  neck. 

But  the  same  class  of  nerves,  in  their  dis- 
tribution to  the  chest,  are  subject  to  the 
same  derangement.  It  is  not  very  uncom- 
mon to  find  the  shoulder  of  a  young  person 
falling  low,  and  the  appearance  of  distortion 
produced  by  a  paralysis  of  that  part  of 
the  trapezius  muscle  which  supports  the 
shoulder,  and  which  is    supplied  by    the 
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spinal  accessory  nerve.  This  affection 
forms  a  parallel  with  the  paralysis  of  the  eye- 
lid and  the  cheek;  and  there  are  not  want- 
ing examples  of  spasmodic  affection  of  the 
thorax  resembling  those  which  I  have  just 
noticed  on  the  side  of  the  face  and  neck. 
From  inattention  to  the  source  and  nature 
of  the  complaint,  the  following  instance  is, 
perhaps,  the  first  which  is  recorded. 

Case  of  affection  of  the  Respiratory  Nerves 
on  the  side  of  the  Chest. 

Physician's  Ward,  March  1824. 

^tat.  50.  —  We  have    not   met 


with  so  distinct  a  case  of  affection  of  the 
respiratory  nerves  of  the  side  as  is  now  pre- 
sented to  us  in  this  patient.  The  following 
is  a  description  of  his  condition  : — 

If  he  attempt  to  lie  upon  his  left  side  in 
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bed,  his  head  is  lifted  from  the  pillow  by  a 
rapid  succession  of  contractions  of  the  mus- 
cles upon  the  right  side  of  his  neck  and 
right  side  of  his  thorax ;  so  that,  instead  of 
lying  at  rest,  his  head  and  shoulders  are 
raised  from  the  pillow,  and  the  upper  part 
of  his  body  forms  a  curve.  These  contrac- 
tions are  attended  with  pain,  and  this  pain 
he  cannot  otherwise  describe  than  by  say- 
ing it  is  like  a  cramp.  When  he  lies  upon 
his  right  side  he  is  more  at  rest,  the  weight 
of  his  head  and  shoulders  counteracting  the 
contraction  of  the  muscles,  and  keeping 
him  in  some  degree  steady.  On  being 
asked  whether  these  contractions  disturb 
him  during  his  sleep,  he  says  he  is  sensible 
of  their  diminution  as  he  is  dropping  asleep. 
When  he  sits  up,  the  head  is  gradually 
drawn  to  the  right  side,  and  there  is  an 
obvious  contraction  of  the  right  side  of 
his    neck.      The   sterno-cleido-mastoideus 
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swells,  and  the  trapezius  is  very  distinctly 
in  action  ;  so  that  the  ear  is  drawn  to  the 
shoulder,  and  the  whole  body  becomes  bent 
so  that  the  head  approaches  to  the  side. 
In  this  state  the  pain  he  suffers  is  seated 
behind  the  mastoid  process  and  at  the  acro-^ 
mion  scapulae,  that  is,  at  the  origin  and  in- 
sertion of  the  stern  o-cleido-mastoideus  mus- 
cle and  the  insertion  of  the  trapezius.  He 
complains  also  of  the  pain  and  spasm  strik- 
ing from  his  back  to  the  scrobiculus  cordis, 
as  if  the  diaphragm  were  affected.  He  also 
complains  of  a  pain  which  is  seated  in  what 
he  calls  his  "swallow;"  that  is,  a  spasmo- 
dic affection  of  the  throat  accompanies  the 
affection  of  the  external  muscles,  but  he 
has  no  impediment  in  swallowing. 

When  we  say  to  him,  "  What,  sir,  can- 
not you  hold  up  your  head  at  all?"  he 
makes  an  exertion   and  sits  upright  sup- 
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pressing  his  breath.  But  when  he  begins 
to  speak,  his  head  begins  to  descend  to- 
wards the  right  side  by  a  succession  of  httle 
movements,  until  he  is  quite  bent  down  as 
before  described.  When  we  attempt  to 
hold  his  head  toward  the  left  side  we  see 
the  sterno-cleido-mastoideus  in  violent  ac- 
tion on  the  right  side,  and  the  muscles  of 
that  side  are  powerful  so  as  to  overcome  us. 
When  we  hold  the  head  down  to  the  right 
side,  he  can  pull  against  us  with  the  muscles 
of  the  left  side  :  he  has  the  voluntary  power 
of  these  entire,  but  they  are  not  so  strong 
as  the  muscles  of  the  right  side ;  it  appears 
that  by  use  the  muscles  of  the  right  side 
have  acquired  great  volume  and  strength. 
At  first  one  might  imagine  that  there  was 
paralysis  of  the  muscles  on  the  left  sida 
But  we  find  that  it  is  not  the  ordinary  con- 
traction of  the  muscles  of  the  right  side  of 
which  he  complains,  but  of  a  violent  spas- 

s  2 


2C0      ON    THE    NERVES    WHICH    ASSOCIATE 

modic  and  painful  action.  That  there  is  no 
paralysis  is  obvious  from  this,  that  he  can 
move  his  head  to  either  side,  twist  round  his 
mouth  either  to  his  left  or  to  his  right  ear, 
turn  his  head  in  any  way  you  choose,  and 
raise  his  right  or  his  left  arm  equally,  throw- 
ing them  over  his  head :  all  these  motions 
he  can  perform  when  the  spasm  is  not  upon 
him.  When  it  does  come  on,  then  the 
muscles  of  the  right  side  only  are  affected 
with  contractions,  and  those  of  the  left  side 
are  perfectly  relaxed. 

Twenty  months  ago,  he  says,  he  was 
raising  a  crow-bar  and  he  felt  something 
snap  at  the  upper  and  back  part  of  his  neck, 
(and  he  puts  his  finger  to  the  posterior  in- 
sertion of  the  sterno-cleido-mastoid  muscla) 
He  does  not  say,  however,  that  he  felt  pain 
at  that  time.  A  month  after  this  he  began 
to  have  pain,  and  still  he  points  to  the  same 
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place,  the  back  part  of  the  mastoid  process. 
The  pain  has  gradually  increased  with  the 
violence  of  the  contractions  ;  and  as  we  be- 
fore said,  the  pain  is  like  that  of  a  cramp, 
and  there  is  no  pain  in  the  intervals  of 
spasmodic  action. 

Although  the  source  of  this  complaint 
be  obscure,  yet  it  is  an  approximation  to 
it  to  ascertain  that  the  spasmodic  contrac- 
tions are  confined  to  the  influence  of  the 
respiratory  nerves  of  the  trunk  of  one  side. 
And  indeed  without  the  preceding  ac- 
count of  the  nervous  system,  the  contrac- 
tions here  contemplated  must  have  remained 
among  the  very  great  variety  of  nervous 
symptoms  which  owing  to  our  indolence 
as  yet  present  to  us  as  mere  accidents  of 
nature  which  it  is  not  expected  we  should 
investigate.  The  man's  condition  has  been 
produced  by  the   violence   of  exertion  it 
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would  appear.  We  have  learned  that  in 
violent  effort  to  lift  weights  the  muscles  of 
inspiration  are  brought  into  aid  of  the 
merely  voluntary  act;  and  I  have  many 
cases  to  show  that  violent  exertion  or  long 
excitement  of  nerves,  and  continued  exer- 
tion of  particular  classes  of  muscles  are 
attended  sometimes  with  paralysis,  some- 
times with  irregular  minute  spasmodic  con- 
tractions which  are  very  distressing. 

Now  we  perceive  that  these  nerves  of 
respiration,  so  peculiar  in  relation  and 
function,  are  differently  influenced  by 
disease  from  the  other  division  of  the 
nervous  system.  We  know  that  their 
functions  are  left  entire  when  the  vo- 
luntary nerves  have  ceased  to  act,  and 
they  are  sometimes  strangely  disordered, 
while  the  mind  is  entire  in  all  its  offices, 
and  the  voluntary  operations  perfect.     In 
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tetanus  the  voluntary  nerves  are  under  in- 
fluence, and  the  voluntary  motions  locked 
up  in  convulsions ;  in  hydrophobia,  on  the 
contrary,  the  respiratory  system  is  affected  ; 
and  hence  the  convulsions  of  the  throat, 
the  paroxysms  of  suffocation,  the  speechless 
agony,  and  the  excess  of  expression  in  the 
whole  frame,  while  the  voluntary  motions 
are  free. 

The  confusion  between  vital  and  volun- 
tary nerves,  the  combining  the  par  vagum 
and  sympathetic  nerves  together,  and  the 
exclusion  of  the  portio  dura  of  the  seventh 
nerve,  the  spinal  accessor}^  nerve,  and  the 
external  thoracic  nerve,  from  their  natural 
classification  with  the  diaphragmatic  or 
phrenic,  has  given  rise  to  very  vague  theo- 
ries, and  occasioned  very  inaccurate  state- 
ments of  pathological  facts. 
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The  frequency  of  sudden  death,  where 
no  corresponding  appearances  are  exhibited 
in  the  brain  or  heart,  leads  us  to  consider 
more  attentively  the  only  part  of  the  sys- 
tem through  which  life  can  be  directly  ex- 
tinguished. In  angina  pectoris,  we  witness 
the  agony  of  suffering  in  this  system  when 
the  patient  survives ;  and  when  he  dies  sud- 
denly, we  can  imagine  it  to  proceed  from 
an  influence  extending  over  these  nerves, 
and  interrupting  the  vital  operations.  We 
have  seen  that  a  branch  of  this  system  may 
suddenly  cease  to  operate  on  the  corre- 
sponding muscles,  and  that  in  this  way  the 
side  of  the  face  may  be  deprived  of  all  par- 
ticipation in  the  act  of  respiration,  and  all 
expression  be  lost.  What  would  result 
from  a  more  universal  defect  in  the  actions 
of  this  class  of  nerves,  but  sudden  death  ? 
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The  stomach,  supplied  with  the  great 
central  nerve  of  this  system,  exhibits  the 
most  powerful  influence  on  these  extended 
nerves ;  a  blow  on  the  stomach  "  doubles 
up"  the  bruiser,  and  occasions  that  gasping 
and  crowing  which  sufficiently  indicates  the 
course  of  the  injury;  a  little  more  severe, 
and  the  blow  is  instantly  fatal.  A  man 
broken  on  the  wheel  suffers  dreadful  blows, 
and  his  bones  are  broken,  but  life  endures ; 
the  coup  de  grace  is  the  blow  on  the 
stomach. 

The  position  of  the  asthmatic  shows  how 
this  system  is  affected;  whether  directly  or 
indirectly,  it  is  not  our  present  business  to 
enquire.  He  stands  stooping  forward,  rest- 
ing his  arms  so  as  to  throw  the  muscles  of 
the  chest  into  operation  upon  the  ribs.  The 
position  of  the  head  and  the  rigidity  of  the 
muscles  of  the  neck,  the  action  of  the  mas- 
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toid  muscle,  and  of  the  cutaneous  muscle, 
visible  in  the  retraction  of  the  cheeks  and 
mouth,  and  the  inflation  of  the  nostrils, 
carry  us  back  in  review  of  the  nerves  and 
muscles  of  respiration. 


It  will  now,  perhaps,  be  acknowledged, 
that  the  methods  of  physiologists,  in  ac- 
counting for  the  combination  of  parts  in  the 
actions  of  respiration,  were  very  imperfect, 
or  rather  altogether  erroneous.  To  account 
for  the  convulsion  of  the  diaphragm  in 
sneezing,  they  were  constrained  to  go  a  far 
way  about :  first,  connecting  the  roots  of 
the  phrenic  with  the  sympathetic  nerve : 
bestowing  sensibility  on  the  latter,  which  it 
does  not  possess  :  then,  following  a  remote 
connection  between  it  and  the  nerves  of  the 
nose;  then  again,  counting  the  relations 
between  the  facial  nerve  and  the  third  of 
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the  neck  :  they  satisfied  themselves  that 
they  had  explained  the  manner  in  which 
the  diaphragm  became  convulsed  upon  ir- 
ritating the  membrane  of  the  nose.  Ano- 
ther misconception  was  engrafted  on  the 
first ;  they  spoke  of  these  actions  as  con- 
vulsive and  irregular,  w^hich  are  amongst  the 
most  admirable  provisions  for  the  protection 
of  life.  As  to  the  act  of  sneezing,  like 
coughing,  it  is  a  consequence  of  an  irritation 
of  the  extremity  of  one  of  the  respiratory 
nerves,  whence  the  whole  muscles  of  respi- 
ration are  brought  into  action.  That  there 
is  nothing  accidental,  nor  of  the  nature  of 
convulsion,  is  shown  by  the  admirable  ad- 
justment of  the  muscles  to  the  object.  A 
body  irritating  the  glottis  will  call  into  si- 
multaneous action  the  muscles  of  respir- 
ation, so  as  to  throw  out  the  air  with  a  force 
capable  of  removing  the  oflTending  body. 
But  if  the  irritation  be  on  the  membrane  of 
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the  nose,  the  stream  of  air  is  directed  dif- 
ferently, and,  by  the  action  of  sneezing,  the 
irritating  particles  are  removed  from  these 
surfaces.  By  the  consideration  of  how  many 
little  muscles  require  adjustment  to  produce 
this  change  in  the  direction  of  the  stream 
of  air,  we  may  know,  that  the  action  is  in- 
stinctive, ordered  with  the  utmost  accuracy, 
and  very  different  from  convulsion. 


Of  Smelling^  as  influenced  by  the  Portio  Dura 
of  the  Seventh  Nerve, 

In  these  papers  I  hope  it  will  be  found 
that  I  have  gone  deliberately  and  diligently 
about  my  investigation.  It  will,  I  hope, 
be  acknowledged  that  I  have  studied  the 
functions  of  the  parts  to  which  the  nerves 
are  sent,  before  I  made  my  experiments  or 
drew  my  conclusions.  Even  in  the  exercise 
of  the    sense  of   smelling,  parts  are  em- 
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ployed,  which  do  not,  at  first,  seem  neces- 
sary. For  the  highest  enjoyment  or  exer- 
cise of  the  sense  of  smelKng,  it  is  necessary 
that  the  stream  of  air  inhaled  through  the 
nostrils  should  change  its  direction,  and  be 
increased  in  force.  In  breathing  through 
the  nose,  the  air  is  carried  directly  back- 
ward. If  the  nostrils  are  expanded  in 
anxious  or  hurried  respiration,  the  passage 
is  enlarged,  and  made  more  direct.  But, 
perhaps,  my  reader  is  not  aware  that  in  each 
nostril  there  are  two  circular  openings,  the 
innermost  something  more  than  half  an  inch 
within  the  other.  This  interior  circle  ex- 
pands, and  becomes  lower  when  the  breath 
is  forcibly  drawn  into  the  lungs;  but  in  the 
act  of  smelling  it  is  much  diminished  and 
elevated.  The  change  in  the  form  and  re- 
lation of  the  exterior  and  internal  nostril  is 
performed  by  the  action  of  the  muscles  on 
the  cartilages  ;  and  the  effect  of  the  change 
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is  to  increase  the  force  of  the  stream  of  air, 
and  to  direct  it  up  towards  the  seat  of  the 
sense  of  smelHng.  In  common  breathing 
some  part  of  the  effluvia  afloat  in  the  atmo- 
sphere reaches  the  seat  of  the  sense;  but 
fully  to  exercise  the  sense  it  is  necessary  to 
concentrate  and  direct  the  stream  of  air,  as 
I  have  described. 

It  will  now  be  comprehended  how  the 
destruction  of  the  portio  dura  ^  or  respiratory 
nerve  of  the  face,  affects  the  organ  of 
smelling;  for  if  by  the  injury  of  that  nerve 
the  motion  of  the  muscles  of  the  nostrils  be 
lost,  the  breath  may  be  drawn  into  the 
lungs  through  the  relaxed  passage,  but  it 
will  not  be  drawn  forcibly  up  towards  the 
seat  of  the  olfactory  nerve,  nor  will  the  air 
brush  over  the  surface  on  which  the  proper 
nerve  of  sense  is  expanded. 
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A  man  being  paralytic  on  one  side  of  the 
face  by  the  loss  of  power  in  the  poiiio  dura^ 
he  was  made  to  smell  ammonia:  it  did  not 
affect  the  paralytic  side,  because  it  was 
forcibly  inhaled  into  the  cells  of  the  nose 
only  on  the  side  where  the  nostril  was 
movable.  On  trying  the  experiment  on  a 
dog,  in  whom  the  portio  dura  of  one  side 
had  been  cut,  the  same  thing  was  mani- 
fested ;  he  snuffed  it  up  with  the  sound  side, 
and  showed  the  natural  consequence  of  the 
irritation  of  the  membrane ;  while  he  was 
not  similarly  affected  w^hen  the  bottle  was 
put  to  the  paralytic  nostril. 

Unless  I  had  attended  to  the  structure 
and  function  of  the  part,  on  witnessing  these 
phenomena,  I  might  have  conceived  that 
the  seventh  nerve  was  the  nerve  of  smell- 
ing, like  a  noted  French  physiologist,  who 
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concluded  too  hastily  that  he  had  disco- 
vered the  nerve  of  vision  and  of  smellino;  in 
the  fifth  nerve. 

I  allude  to  certain  experiments  lately 
performed  in  London  by  a  distinguished 
visitor,  which  afford  a  proof  of  the  utter 
impossibility  of  reasoning  correctly  on 
these  subjects  without  the  knowledge  of  the 
anatomy.  The  olfactory  nerve  was  de- 
stroyed, and  ammonia  put  to  the  nostrils  of 
the  animal,  and  when  the  creature  sneezed 
it  was  a  coup  de  tMdtre !  then  the  gentle- 
men congratulated  themselves  that  it  w^as 
discovered  that  the  first  pair  of  nerves  was 
of  no  use  ! !  The  common  irritability  of  the 
schneiderian  membrane  results  from  the 
fifth  nerve :  why  does  the  membrane  possess 
this  sensibility,  and  why  is  the  sensibility 
joined   to   the   actions  of  the   respiratory 
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system  ?  because  these  passages  must  be 
guarded  as  the  larynx  is  guarded.  When 
any  thing  offensive  is  lodged  there  it  must 
be  removed,  and  the  means  nature  employs 
is  to  drive  the  air  by  an  instinctive  action 
of  the  respiratory  organs,  violently  and 
suddenly,  through  the  nostrils.  But  what 
has  this  to  do  with  smelling  ?  As  well  might 
we  destroy  the  olfactory  nerve,  and  wonder 
that  the  creature  experimented  on  still 
coughed  when  the  larynx  was  tickled. 

We  have  some  observations  on  this  sub- 
ject in  Mr.  Shaw's  paper  already  quoted. 
"  The  effect  upon  the  nostril  is  the  most 
obvious  symptom,  when  the  nerve  is  cut  in 
the  ass.  If  after  having  cut  the  right  nerve 
fportio  dura  J  f  we  hold  the  nostril  for  a 
short  time,  so  as  to  prevent  the  animal  from 
breathing,  he  will,  when   freed,  begin  to 
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snort,  but  with  the  left  nostril  only.  If  we 
hold  carbonate  of  ammonia  to  the  paralized 
nostril,  he  will  not  be  affected  ;  but  if  it  be 
held  to  the  other,  he  will  snuff  it  up,  and 
then  curl  the  nostril,  and  have  an  ex- 
pression in  the  whole  of  that  side  of  the 
face,  as  if  he  were  going  to  sneeze,  while 
the  right  side  will  remahi  quite  unmoved." 

The  rationale  of  this  is  worth  attention  ; 
by  the  neglect  of  it  some  physiologists  and 
experimenters  have  appeared  to  much  dis- 
advantage. The  act  of  smelling  is  not 
simply  the  act  of  drawing  the  breath ;  but 
while  the  breath  is  drawn  there  is  a  con- 
formity in  the  motion  of  the  nostrils,  by 
which  the  air,  loaded  with  the  effluvia,  is 
directed  to  the  seat  of  the  olfactory  nerve ; 
that  is  to  say,  is  made  to  circulate  in  the 
higher  parts  of  the  cavities  of  the  nose,  in- 
stead of  streaming  directly  backwards  into 
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the  posterior  nostrils.     This  was  the  reason 
why,  on  putting  the  ammonia  to  the  nostril 
which  was  still,  the  creature  was  not  ex- 
cited, although  there  had  been  nothing  done 
to  injure  the  sensibility  of  that  side  of  the 
nose.     If  a  man  were  simply  to  draw  his 
breath  in  taking  snuff,  the  powder  would 
be  drawn  into  his  fauces  and  lungs ;    but 
to  snuff,  the  point  of  the  nose  is  drawn 
down,  and  the  nostrils  contracted,  and  then 
when  the  air  is  inhaled,  the  snuff  rises  to 
the  superior  cells,  and  stimulates  all  the  in- 
terior of  the  nostrils.     Although  by  this 
stimulus  he  sneezes,  the  olfactory  nerve  has 
nothing  to  do  with  it.     The  luxury  is  in  the 
stimulus  of  the  respiratory  system  through 
the  excitement  of  the  membrane,  not  in  the 
odour  as  enjoyed  by  the  olfactory  nerve. 
The  sensitive  branches  of  the  fifth  are  first 
excited,  then  the  respiratory  system  is  in  a 
secondary  manner  affected ;  and  to  ascertain 

T  2 


276       ON    THE    NERVES    WHICH    ASSOCIATE 

whether  the  mode  of  communication  be- 
tween the  fifth  and  the  respiratory  nerves 
be  affected  at  their  roots  in  the  brain,  or  at 
their  extremities,  is  a  fair  question  to  be 
determined  by  experiment  or  reasoning. 

These   Respiratory   Nerves  are    Organs   of 
Expression, 

We  may  notice  another  office  of  these 
respiratory  nerves;  in  smiling,  laughing, 
and  weeping,  the  influence  is  solely  propa- 
gated through  them.  The  face,  we  have 
seen,  is  dead  to  all  changes  of  the  kind  when 
the  nerve  of  this  class  which  goes  to  it  is 
destroyed,  whether  it  be  by  division  of  the 
nerve,  or  from  its  being  surrounded  with 
inflammation  or  suppuration.  When  we 
consider  that  all  the  respiratory  nerves  de- 
part from  the  same  source,  and  participate 
in  the  same  functions ;  and  more  especially 
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when  we  see  the  respiratory  organs  so  very 
distinctly  affected  in  the  conditions  of  the 
mind,  which  give  rise  to  these  affections,  it 
is  not  too  much  to  suppose,  that  what  is 
proved  in  regard  to  one  of  these  nerves,  is 
true  of  the  whole  class,  and  that  they  alone 
are  influenced  in  laughter.  Physiologists 
who  have  not  investigated  the  cause,  are 
yet  agreed  in  describing  laughter  to  be  a 
condition  of  the  respiratory  muscles,  where 
the  air  is  drawn  in  rapidly,  and  thrown  out 
in  short  spasmodic  motions  of  these  mus^ 
cles ;  that  crying  is  nearly  the  reverse,  the 
inspiration  being  cut  by  spasmodic  actions 
of  the  muscles  of  inspiration.  By  these 
considerations  are  explained  the  subrisus 
which  arises  from  abdominal  irritation,  and 
the  sardonic  retraction  of  the  muscles  of 
the  face  produced  by  wounds  of  vital  parts, 
and  particularly  of  the  diaphragm.  It  ex- 
plains also  the  successive  convulsive  lift-. 
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ing   of  the   shoulders    in  wounds  of   the 
diaphragm. 

That  a  system  of  nerves  so  intimately 
combined  as  this  is  with  the  other  parts  of 
the  general  system,  should  suffer  in  hyste- 
rical disorders,  cannot  surprise  us  ;  and  ad- 
mitting that  irritation  reaches  to  the  respi- 
ratory system,  we  may  perceive  how  rapidly 
the  change  may  be  produced,  from  the 
convulsions  of  laughter  to  those  of  crying ; 
and  where,  if  there  be  a  corresponding 
condition  of  the  mind,  it  rather  follows  than 
precedes  the  expression  of  the  frame. 

It  would  have  been  extraordinary  if  we 
had  arrived  at  any  satisfactory  theory  of 
expression,  before  it  was  known  through 
what  instruments  the  mind  influenced  the 
body,  during  emotion  or  passion.  But  since 
we  know  that  the  division  of  the  respiratory 
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nerve  of  the  face,  deprives  an  animal  of  all 
expression;  and  that  the  expressive  smile 
of  the  human  face  is  lost  by  an  injury  of 
this  nerve:  since  it  is  equally  apparent,  that 
the  convulsions  of  laughter  arise  from  an 
influence  extended  over  this  class  of  nerves, 
it  comes  to  be  in  some  sort  a  duty,  in  pur- 
suing this  matter,  to  examine  farther  into 
the  subject  of  expression.  We  may  be  at 
the  same  time  assured  of  this,  that  whatever 
serves  to  explain  the  constant  and  natural 
operations  of  the  frame,  will  also  exhibit  to 
us  the  symptoms  of  disease  with  more  pre- 
cision. 

In  terror,  we  can  readily  conceive,  why  a 
man  stands  with  eyes  intently  fixed  on  the 
object  of  his  fears:  the  eyebrows  elevated, 
and  the  eyeballs  largely  uncovered;  or  why, 
with  hesitating  and  bewildered  steps,  his 
T  4 
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eyes  are  rapidly  and  wildly  in  search  of 
something.  In  this  we  only  perceive  the 
intent  application  of  his  mind  to  the  objects 
of  his  apprehensions,  and  its  direct  influ- 
ence on  the  outward  organs.  But  when  we 
observe  him  farther,  there  is  a  spasm  on 
his  breast :  he  cannot  breathe  freely :  the 
chest  remains  elevated,  and  his  respiration 
is  short  and  rapid :  there  is  a  gasping  and 
convulsive  motion  of  his  lips  :  a  tremor  on 
his  hollow  cheeks  :  a  gulping  and  catching 
of  his  throat:  his  heart  knocks  at  his  ribs, 
while  yet  there  is  no  force  in  the  circulation, 
the  lips  and  cheeks  being  ashy  pale. 

It  is  obvious,  that  there  is  here  a  reflected 
influence  in  operation.  The  language  and 
sentiments  of  every  people  have  pointed 
to  the  heart,  as  the  seat  of  passion,  and 
every  individual  must  have  felt  its  truth. 
For  though  the  heart  be  not  in  the  proper 
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sense  the  seat  of  passion,  it  is  influenced 
bv  the  conditions  of  the  mind,  and  from, 
thence  its  influence  is  extended  through  the 
respiratory  organs,  so  as  to  mount  to  the 
throat,  and  hps,  and  cheeks,  and  account 
for  every  movement  in  passion,  which  is 
not  explained  by  the  direct  influence  of  the 
mind  upon  the  features. 

So  we  shall  find,  if  we  attend  to  the  ex- 
pression of  grief,  that  the  same  phenomena 
are  presented ;  and  we  may  catalogue  them, 
as  it  were,  anatomically.  Imagine  the 
overwhelming  influence  of  grief — the  object 
in  the  mind  has  absorbed  the  powers  of  the 
frame ;  the  body  is  no  more  regarded,  the 
spirits  have  left  it ;  it  reclines,  and  the 
limbs  gravitate,  the  whole  body  is  nerve- 
less and  relaxed,  and  the  person  scarcely 
breathes ;  so  far  there  is  no  difficulty  in 
comprehending  the  effect  in  the  cause.  But 
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why,  at  intervals,  is  there  a  long  drawn 
sigh,  why  are  the  neck  and  throat  convulsed, 
and  whence  the  quivering  and  swelling  of 
the  lip,  why  the  deadly  paleness,  and  the 
surface  earthy  cold ;  or  why  does  convulsion 
spread  over  the  frame  like  a  paroxysm  of 
suffocation  ? 

To  those  I  address,  it  is  unnecessary  to 
go  farther,  than  to  indicate  that  the  nerves 
treated  of  in  these  papers  are  the  instru- 
ments of  expression,  from  the  smile  upon 
the  infant's  cheek  to  the  last  agony  of  life. 
It  is  when  the  strong  man  is  subdued  by 
this  mysterious  influence  of  soul  on  body, 
and  when  the  passions  may  be  truly  said  to 
tear  the  breast,  that  we  have  the  most  af- 
flicting picture  of  human  frailty,  and  the 
most  unequivocal  proof,  that  it  is  the  order 
of  functions  which  we  have  been  consider- 
ing that  is  then  affected.    In  the  first  strug- 
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gles  of  the  infant  to  draw  breath,  in  the 
man  recovering  from  a  state  of  suffocation, 
and  in  the  agony  of  passion,  when  the 
breast  labours  from  the  influence  at  the 
heart,  the  same  system  of  parts  is  affected, 
the  same  nerves,  the  same  muscles,  and  the 
symptoms  or  characters  have  a  strict  resem- 
blance. 


Having  examined  the  system  of  nerves 
and  muscles,  which  are  the  agents  in  respir- 
ation, in  their  fullest  extent  and  in  all  their 
bearings ;  having  looked  at  them  in  their 
highest  state  of  complication  in  the  human 
body,  and  having  traced  them  upwards, 
from  the  animals  of  simple  structure,  and 
then  by  experiment,  and  in  a  manner  ana- 
lytically as  well  as  synthetically,  their  rela- 
tions become  obvious.  Instead  of  one  re- 
spiratory nerve,  the  2^(^t'  vagum,  the  nerve  so 
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called,  is  found  to  be  the  central  one  of  a 
system  of  nerves  of  great  extent.  Instead 
of  the  relations  of  the  vital  organs  of  circu- 
lation and  respiration  depending  on  some 
supposed  influence  of  the  sympathetic 
nerve,  they  are  found  to  have  an  appro- 
priate system. 

This  system  of  nerves,  extricated  from 
the  seeming  confusion  in  which  it  lay  hi- 
therto encumbered,  is  found  to  be  super, 
added  to  that  of  mere  feeling  and  agency, 
attributes  common  to  all  animals:  through 
it  we  see,  engrafted  as  it  were,  and  super- 
added to  the  original  nature,  higher  powers 
of  agency,  corresponding  to  our  condition 
of  mental  superiority  :  these  are  not  the 
organs  of  breathing  merely,  but  of  natural 
and  articulate  language  also,  and  adapted 
to  the  expression  of  sentiment,  in  the 
workings  of  the  countenance  and   of  the 
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breast,  that  is  by  signs,  as  well  as  by  words. 
So  that  the  breast  becomes  the  organ  of  the 
passions,  and  bears  the  same  relation  to  the 
developement  of  sentiments,  as  the  organs 
of  the  senses  do  to  the  ideas  of  sense. 


ON 


THE  MOTIONS  OF  THE  EYE, 


IN    ILLUSTRATION    OF 


THE   USES   OF   THE   MUSCLES   AND    NERVES 
OF  THE  ORBIT. 


From  the  Philosophical  Transactions,  1823. 


ON 


THE  MOTIONS  OF  THE  EYE,  &c. 


iRead  before  the  Royal  Society,  March  20.  1823;.] 

The  object  of  this  paper  is  to  explain  the 
reason  of  there  being  six  nerves  distributed 
to  the  eye,  and  consequently  crowded  into 
the  narrow  space  of  the  orbit. 

^  But  before  it  is  possible  to  assign  the 
uses  of  these  nerves,  we  must  examine  the 
motions  of  the  eye  more  minutely  than  has 
hitherto  been  done,  and  try  to  comprehend 
the  offices  to  be  performed.  Much  as  the 
eye  has  been  studied,  the  frame- work  which 
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suspends  it,  and  by  which  it  is  moved  and 
protected,  has  not  received  the  attention  it 
deserves.  Yet  this  frame-work,  or  appara- 
tus, is  not  less  calculated  to  renew  our 
wonder,  than  the  properties  of  the  organ 
itself. 

It  is,  therefore,  necessary  to  divide  the 
paper  into  two  parts.  Firsts  to  show  the 
uses  of  the  apparatus  which  is  exterior  to 
the  eye-ball ;  and  then,  in  the  second  place^ 
to  consider  how  the  nerves  minister  to 
these  offices. 

PART  L 

Of  the  Muscles  and  Frame-work  which  are 
around  the  Eye-hall, 

Even  grave  and  learned  men  have  eulo- 
gized this  organ  as  the  most  necessary  to 
intellectual   enjoyment,  and  which  ranges 
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from  the  observation  of  the  fixed  stars,  to 
that  of  the  expression  in  the  human  face.* 
But  this  admiration  is  in  part  misplaced,  if 
given  to  the  optic  nerve  and  ball  of  the 
eye  exclusively ;  since  these  high  endow- 
ments belong  to  the  exercise  of  the  whole 
eye,  its  exterior  apparatus  as  much  as  to 
that  nerve  which  is  sensible  to  the  impres- 
sions of  light.  It  is  to  the  muscular  appa- 
ratus, and  to  the  conclusions  we  are  enabled 
to  draw  from  the  consciousness  of  muscular 
effort,  that  we  owe  that  geometrical  sense, 
by  which  we  become  acquainted  with  the 
form,  and  magnitude,  and  distance  of  ob^ 
jects.  We  might  as  well  expect  to  under- 
stand the  uses  of  a  theodolite,  or  any  com- 
plicated instrument  for  observations,  by 
estimating  the  optical  powers  of  the  glasses, 
without  considering  the  quadrant,  level,  or 

*  Sir  Henry  Wotton,  Dr.  Reid,  and  many  others. 
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plumb-line,  as  expect  to  learn  the  whole 
powers  of  the  eye  by  confining  our  study 
to  the  naked  ball.     I  propose  to  show,  that 
we  must  distinguish  the  motions  of  the  eye, 
according  to  their  objects  or  uses,  whether 
for  the  direct  purpose  of  vision,  or  for  the 
preservation  of  the  organ  ;    that   the  eye 
undergoes  a  revolving  motion  not  hitherto 
noticed ;  that  it  is  subject  to  a  state  of  rest 
and  activity  ;  and  that  the  different  condi- 
tions of  the   retina   are   accompanied  by 
appropriate  conditions  of  the  surrounding 
muscles ;  that  these  muscles  are  to  be  dis- 
tinguished  into  two   natural  classes ;  and 
that  in  sleep,  faintness,  and  insensibility, 
the  eye-ball  is  given  up  to  the  one,  and  in 
watchfulness,  and  the  full  exercise  of  the 
organ,  it  is  given  up  to  the  influence  of  the 
other  class  of  muscles  :  and  finally,  that  the 
consideration   of  these  natural  conditions 
of  the  eye  explains  its  changes  as  symp- 
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tomatic   of   disease,   or    as   expressive   of 
passion. 

Motions  of  the  Eye-ball  and  Eye4ids, 

We  do  not  reflect  on  those  actions  of 
our  frame  which  are  most  admirable  in 
themselves,  which  minister  continually  to 
our  necessities,  and  perfect  the  exercise  of 
our  organs,  until  we  be  deprived  of  them  ; 
like  unnatural  children,  unconscious  or  un- 
mindful of  indulgence,  we  feel  only  the  loss 
of  benefits.  "  With  much  compassion," 
says  the  religious  philosopher,  "  as  well  as 
astonishment  at  the  goodness  of  our  loving 
Creator,  have  I  considered  the  sad  state  of 
a  certain  gentleman,  who,  as  to  the  rest, 
was  in  pretty  good  health,  but  only  wanted 
the  use  of  these  two  little  muscles  that 
serve  to  lift  up  the  eye-lids,  and  so  had 
almost  lost  the  use  of  his  sight,  being 
u  3 
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forced,  as  long  as  this  defect  lasted,  to 
shove  up  his  eye-lids  with  his  own 
hands!"* 

Two  objects  are  attained  through  the 
motion  of  the  eye-ball.  First,  the  control 
and  direction  of  the  eye  to  objects ;  second- 
ly, the  preservation  of  the  organ  itself, 
either  by  withdrawing  the  surface  from  in- 
jury, or  by  the  removal  of  what  is  offensive 
to  it.  Without  keeping  this  distinction 
before  us,  we  shall  not  easily  discover  the 
uses  of  the  parts. 

There  is  a  motion  of  the  eye-ball,  which, 
from  its  rapidity,  has  escaped  observation. 
At  the  instant  in  which  the  eye-lids  are 
closed,  the  eye-ball  makes  a  movement 
which  raises  the  cornea  under  the  upper 
eye-lid. 

*  Paley's  Natural  Theology. 
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If  we  fix  one  eye  upon  an  object,  and  close 
the  other  eye  with  the  finger  in  such  a  man- 
ner as  to  feel  the  convexity  of  the  cornea 
through  the  eyelid,  when  we  shut  the  eye 
that  is  open,  we  shall  feel  that  the  cornea 
of  the  other  eye  is  instantly  elevated ;  and 
that  it  thus  rises  and  falls  in  sympathy  with 
the  eye  that  is  closed  and  opened.  This 
change  of  the  position  of  the  eyeball  takes 
place  during  the  most  rapid  winking  mo- 
tions of  the  eyelids.  When  a  dog  was  de- 
prived of  the  power  of  closing  the  eyelids 
of  one  eye  by  the  division  of  the  nerve  of 
the  eyelids,  the  eye  did  not  cease  to  turn 
up  when  he  was  threatened,  and  when  he 
winked  with  the  eyelids  of  the  other  side.* 

*  The  experiment  of  cutting  the  facial  respiratory 
nerve  was  performed  on  a  dog.  The  following  is  the 
note  made  a  few  days  after  the  nerve  was  cut:  —  The 
dog  is  now  quite  well,  having  suffered  very  little  from 
the  operation ;  when  he  fawns,  the  right  side  of  his  face 
is  completely  motionless  ,•  (the  nerve  of  the  right  side 
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Nearly  the  same  thing  I  observed  in  a 
girl  whose  eyelids  were  attached  to  the 
surrounding  skin,  owing  to  a  burn  ;  for  the 
fore  part  of  the  eyeball  being  completely 
uncovered,  when  she  would  have  winked, 
instead  of  the  eyelids  descending,  the  eye- 
balls were  turned  up,  and  the  cornea  was 
moistened  by  coming  into  contact  with  the 
mouths  of  the  lacrymal  ducts. 

The  purpose  of  this  rapid  insensible  mo- 
tion of  the  eyeball  will  be  understood  on 


was  cut.)  "When  I  threatened  to  strike  him,  although 
there  is  a  tremulous  motion  expressive  of  fear  in  all  the 
muscles  of  the  left  side  of  the  face,  the  other  is  perfectly 
still ;  he  cannot  even  close  the  eyelid,  and  instead  of 
winking  when  he  expects  to  be  struck,  the  eyeball  itself 
is  turned  up.  When  he  is  excited,  there  is  an  expres- 
sion of  alacrity  in  all  the  muscles  of  the  left  side  of  the 
face,  and  a  brilliancy  in  the  left  eye,  while  the  right  is 
perfectly  inanimate*  This  is  shewn  in  an  extraordinary 
degree  when  he  is  fighting  with  another  dog* 
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observing  the  form  of  the  eyehds  and  the 
place  of  the  lacrymal  gland.  The  margins 
of  the  eyelids  are  flat^  and  when  they  meet, 
they  touch  only  at  their  outer  edges,  so 
that  when  closed  there  is  a  gutter  left  be- 
tween them  and  the  cornea.  If  the  eyeballs 
were  to  remain  without  motion,  the  mar- 
gins of  the  eyelids  would  meet  in  such  a 
manner  on  the  surface  of  the  cornea,  that  a 
certain  portion  would  be  left  untouched, 
and  the  eye  would  have  no  power  of  clear- 
ing off  what  obscured  the  vision,  at  that 
principal  part  of  the  lucid  cornea  which  is 
in  the  very  axis  of  the  eye ;  and  if  the 
tears  flowed  they  would  be  left  accumulated 
on  the  centre  of  the  cornea,  and  winking, 
instead  of  clearing  the  eye,  would  suffuse 
it.  To  avoid  these  effectSj  and  to  sweep 
and  clear  the  surface  of  the  cornea,  at  the 
same  time  that  the  eyelids  are  closed,  the 
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eyeball  revolves,  and  the  cornea  is  rapidly 
elevated  under  the  eyelid. 

Another  effect  of  this  motion  of  the  eye- 
ball is  to  procure  the  discharge  from  the 
lacrymal  ducts  ;  for  by  the  simultaneous 
ascent  of  the  cornea,  and  the  descent  of  the 
upper  eyelid,  the  membrane  on  which  the 
ducts  open  is  stretched,  and  the  effect  is 
like  the  elongation  of  the  nipple,  facilitat- 
ing the  discharge  of  tears. 

By  the  double  motion,  the  descent  of 
the  eyelid  and  the  ascent  of  the  cornea  at 
the  same  time,  the  rapidity  with  which  the 
eye  escapes  from  injury  is  encreased.  Even 
creatures  which  have  imperfect  eyelids,  as 
fishes,  by  possessing  this  rapid  revolving 
motion  of  the  eye,  avoid  injury  and  clear 
off  impurities. 
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I  may  observe  in  passing,  that  there  is  a 
provision  for  the  preservation  of  the  eye, 
in  the  manner  in  which  the  eyelids  close, 
which  has  not  been  noticed;  while  the 
upper  eyelid  falls,  the  lower  eyelid  is  moved 
towards  the  nose.  This  is  a  part  of  that 
cm'ious  provision  for  collecting  offensive 
particles  towards  the  inner  corner  of  the 
eye.  If  the  edges  of  the  eyelids  be  marked 
with  black  spots,  it  will  be  seen  that  when 
the  eyelids  are  opened  and  closed,  the  spot 
on  the  upper  eyelid  will  descend  and  rise 
perpendicularly,  while  the  spot  on  the 
lower  eyelid  will  play  horizontally  like  a 
shuttle. 

To  comprehend  certain  actions  of  the 
muscles  of  the  eye,  we  must  remember 
that  the  caruncle  and  membrane  called 
semilunaris,  seated  in  the  inner  corner  of 
the  eye,  are  for  ridding  the  eye  of  extrane- 
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ous  matter,  and  are  in  fact,  for  the  same 
purpose  with  that  apparatus  which  is  more 
perfect  and  appropriate  in  beasts  and 
birds. 

The  course  of  our  enquiry  makes  some 
observation  of  these  parts  necessary. 

•In  quadrupeds  there  is  a  gland  for  se- 
creting a  glutinous  and  adhesive  fluid, 
which  is  seated  on  that  side  of  the  orbit 
next  the  nose  ;  it  is  quite  distinct  from  the 
lacrymal  gland  ;  it  is  squeezed  by  an  appa- 
ratus of  muscles,  and  the  fluid  exudes  upon 
the  surface  of  the  third  eyelid.  This  third 
eyelid  is  a  very  peculiar  part  of  the  appara- 
tus of  preservation.  It  is  a  thin  cartilage, 
the  posterior  part  of  which  is  attached  to 
an  elastic  body.  This  body  is  lodged  in  a 
division  or  depression  of  the  orbit  on  the 
side  towards  the  nose.     When  the  eye  is 
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excited,  the  eyeball  is  made  to  press  on  the 
elastic  body,  and  force  it  out  of  its  recess  or 
socket;  the  consequence  of  which  is  the 
protrusion  of  the  cartilaginous  third  eyelid, 
or  Jiaw^  as  it  is  termed  in  the  horse.  By 
this  mechanism  the  third  eyelid  is  made  to 
sweep  rapidly  over  the  surface  of  the  cor- 
nea, and  by  means  of  the  glutinous  fluid 
with  which  its  surface  is  bedewed,  it  at- 
taches and  clears  away  offensive  particles. 

In  birds,  the  eye  is  an  exquisitely  fine 
organ,  and  still  more  curiously,  and  as  we 
might  be  tempted  to  say,  artificially  protect- 
ed. The  third  eyelid  is  more  perfect ;  it  is 
membranous  and  broad,  and  is  drawn  over 
the  surface  of  the  eye  by  means  of  two 
muscles  which  are  attached  to  the  back 
part  of  the  eyeball,  and  by  a  long  round 
tendon,  that  makes  a  course  of  nearly  three 
parts  of  the  circumference  of  the  ball.    The 
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lacrymal  gland  is  small,  and  seated  low, 
but  the  mucous  gland  is  of  great  size,  and 
seated  in  a  cavity  deep  and  large,  and  on 
the  inside  of  the  orbit.  As  the  third  eye- 
lid is  moved  by  an  apparatus  which  cannot 
squeeze  the  mucous  gland  at  the  same  time 
that  the  eyelid  is  moved,  as  in  quadrupeds, 
the  oblique  muscles  are  particularly  pro- 
vided to  draw  the  eyeball  against  the  gland, 
and  to  force  out  the  mucus  on  the  surface 
of  the  third  eyelid.  It  flows  very  copious- 
ly ;  and  this  is  probably  the  reason  of  the 
smallness  of  the  proper  lacrymal  gland 
which  lies  on  the  opposite  side  of  the 
orbit. 

We  already  see  two  objects  attained 
through  the  motion  of  these  parts;  the 
moistening  the  eye  with  the  clear  fluid  of 
the  lacrymal  gland,  and  the  extraction  or 
rather  the  protrusion  of  offensive  particles. 
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There  is  another  division  of  this  subject 
no  less  curious :  the  different  conditions  of 
the  eye  during  the  waking  and  sleeping 
state,  remain  to  be  considered.  If  we  ap> 
proach  a  person  in  disturbed  sleep  when 
the  eyelids  are  a  little  apart,  we  shall  not 
see  the  pupil  nor  the  dark  part  of  the  eye, 
as  we  should  were  he  awake,  for  the  cornea 
is  turned  upwards  under  the  upper  eyelid. 
If  a  person  be  fainting,  as  insensibility 
comes  over  him  the  eyes  cease  to  have  spe- 
culation ;  that  is,  they  want  direction,  and 
are  vacant,  and  presently  the  white  part  of 
the  eye  is  disclosed  by  the  revolving  of  the 
eyeball  upwards.  So  it  is  on  the  approach 
of  death  ;  for,  although  the  eyelids  be  open, 
the  pupils  are  in  part  hid,  being  turned  up 
with  a  seeming  agony,  which  however  is 
the  mark  of  encreasing  insensibility. 

It  will  now  be  admitted  that  the  variety 
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of  motions  to  which  the  eye  is  subjected, 
require  the  comphcation  of  muscles  which 
we  find  in  the  orbit ;  and  it  must  be  obvious 
to  the  most  casual  observer,  that  unless 
these  various  offices  and  different  condi- 
tions of  the  eye  be  considered,  it  will  be  in 
vain  to  attempt  an  accurate  classification 
of  the  muscles  of  the  orbit. 


Of  the  Actions  of  the  Muscles  of  the  Eye^  and 
thur  natural  Classification. 

The  muscles  attached  to  the  eyeball  are 
in  two  classes,  the  recti  and  obliqui.  The 
recti  muscles  are  four  in  number,  and  come 
from  the  bottom  of  the  orbit,  and  run  a 
straight  course  forwards  and  outwards ; 
they  embrace  the  eyeball,  and  are  inserted 
at  four  cardinal  points  into  it.  The  ob- 
liqui are.  two  muscles  having  a  direction 
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backwards    and  outwards*;  they  embrace 


the  eyeball,  one  passing  over  it  obliquely, 
the  other  under  it  obliquely.f 

*  We  may  say  so,  for  although  the  superior  oblique 
muscle  comes  from  the  back  of  the  orbit,  yet,  by  passing 
through  the  trochlea,  it  has  a  course  backwards  and  out- 
wards to  its  insertion. 

f  Eocpl.  of  the  Jig.  The  muscles  of  the  eye  seen  in  front. 
A.  B.  C.  D.  The  recti  muscles ;  voluntary  muscles. 
E.  The  superior  oblique  muscle  or  trochlearis. 

a.  The  trochlea  cut  off  from  the  bone  and  left  attached  to 

the  tendon.   It  is  aloop  through  which  the  tendon  runs. 

b.  The  tendon  of  the  trochlearis  muscle  expanding  and 

running  to  its  insertion. 
G.  The  inferior  oblique  muscle.     It  is  seen,  like  the 
tendon  of  the  superior  oblique,  to  run  backwards 
and  outwards. 
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That  the  recti  muscles  perform  the  office 
of  directing  the  axis  of  the  eye,  turning  it 
round  to  every  point  in  the  sphere  of  vi- 
sion, there  are  many  proofs.  In  the  first 
place,  their  origin,  course,  and  insertion, 
accurately  fit  them  for  this  office  ;  and  they 
are  obviously  equal  to  it,  unassisted  by 
other  muscles.  In  the  next  place,  from 
man  down  to  the  cuttle-fish,  the  voluntary 
motions  of  the  eyes  are  the  same,  and  the 
origin,  course,  and  insertion  of  these  mus- 
cles are  similar,  while  the  other  muscles 
vary  with  the  change  of  apparatus  which  is 
around  the  eye.* 


*  Eocpt.  of  the  Jig,    The  muscles  of  the  eye  seen  in 
profile. 
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The  oblique  muscles  of  the  eye  stand 
contrasted  with  the  recti  in  every  respect, 
in  number,  size,  and  direction.  Yet  it  is  a 
received  opinion,  that  they  antagonize  the 
recti,  and  keep  the  eye  suspended.  To 
this  opinion  there  are  many  objections. 
1.  In  creatures  where  the  eye  is  socketed 
on  a  cup  of  cartilage  and  cannot  retract, 
the  oblique  muscles  are  nevertheless  pre- 
sent. 2.  Where  a  powerful  retractor  mus- 
cle is  bestowed  in  addition  to  the  recti 
muscles,  the  oblique  muscles  have  no  addi- 


A.  B.  C.  D.  Three  of  the  recti  muscles.  They  arise  to- 
gether from  the  periosteum  of  the  bottom  of  the 
orbit,  and  are  inserted  into  the  anterior  part  of 
the  sclerotic  coat  of  the  eye. 

E.  The  superior  oblique  muscle,  or  trochlearis. 

a.  The  trochlea.  # 

h.  The  reflected  tendon  inserted  into  the  back  and  outer 
part  of  the  sclerotic  coat. 

G.  The  inferior  oblique  muscle. 

c.  Its  origin  from  the  anterior  part  of  the  orbit. 

d.  Its  insertion  into  the  back  and  outer  part  of  the  eyeball. 

X  2 
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tional  magnitude  given  to  them.  3.  In 
matter  of  fact,  the  human  eye  cannot  be 
retracted  by  the  united  action  of  the  recti 
as  we  see  quadrupeds  draw  in  their  eyes, 
which  is  an  argument  against  these  muscles 
being  retractors,  and  therefore  against  the 
obhqui  being  their  opponents,  to  draw  it 
forward. 

To  these,  other  objections,  no  less  strong, 
may  be  added.  We  have  just  found  that 
certain  very  rapid  motions  are  to  be  per- 
formed by  the  eyeball ;  now  it  can  be  de- 
monstrated, that  a  body  will  be  moved  in 
less  time  by  a  muscle  which  is  oblique  to 
the  line  of  motion,  than  if  it  lay  in  the  line 
on  which  the  body  moves.  If  the  oblique 
muscles  were  either  opponents  or  coadju- 
tors of  the  recti,  there  appears  no  reason 
why  they  should  be  oblique,  but  the  con- 
trary; for  as  the  points  of  their  insertion 
must  move  more  rapidly  than  those  of  the 
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recti,  they  are  unsuitable.  On  the  other 
hand,  that  there  may  be  no  difference  in 
the  time  of  the  action  and  relaxation  of  the 
several  classes,  we  see  a  reason  why  one 
rectus  should  be  opposed  by  another,  and 
why  there  being  occasion  for  one  oblique, 
its  antagonist  should  also  be  oblique. 

In  proportion  as  a  muscle  gains  velocity 
by  its  obliquity,  it  loses  power  ;  from  the 
obliquity,  therefore,  of  these  muscles  be- 
lieved to  be  opposed  to  the  recti,  and  from 
there  being  two  of  them  to  four  of  the  latter, 
they  are  disproportioned  in  strength,  and 
the  disproportion  proves  that  the  two 
classes  of  muscles  are  not  antagonists. 

By  dissection  and  experiment  it  can  be 
proved,  that  the  oblique  muscles  are  anta- 
gonists  to  each  other,  and  that  they  roll 
the  eye  in  opposite  directions,  the  superior 
X  3 
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oblique  directing  the  pupil  downwards  and 
outwards,  and  the  inferior  oblique  direct- 
ing it  upwards  and  inwards.  But  it  is 
proved  that  any  two  of  the  recti  muscles 
are  equal  to  the  direction  of  the  pupil  in 
the  diagonal  between  them,  and  there  is  no 
reason  why  an  additional  muscle  should  be 
given,  to  direct  the  pupil  upwards  and  in- 
wards more  than  upwards  and  outwards, 
or  downwards  and  inwards.  It  is  evident, 
then,  that  the  oblique  muscles  are  not  for 
assisting  the  recti  in  directing  the  eye  to 
objects,  but  that  they  must  have  some  other 
appropriate  office.  If  we  proceed  farther, 
it  must  be  by  experiment. 

Experimental  Enquiry  into  the  Action  of 
these  Muscles. 

I.  I  divided  the  superior  rectus  or  attoU 
lens  in  a  rabbit,  and  felt  something  like 
disappointment  on  observing  the  eye  re- 
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main  stationary.  Shortly  afterwards,  on 
looking  to  the  animal  while  it  was  feeding, 
I  saw  the  pupil  depressed,  and  that  the 
animal  had  no  power  of  raising  it. 

The  explanation  I  conceive  to  be  this : 
during  the  experiment  the  eye  was  spas- 
modically fixed  by  the  general  action  of 
the  muscles,  and  particularly  by  the  power- 
ful retractor,  a  muscle  peculiar  to  quad- 
rupeds. But  on  the  spasm  relaxing,  and 
when  the  eye  was  restored  to  the  influence 
of  the  voluntary  muscles,  the  recti,  the 
voluntary  power  of  raising  the  eye  being 
lost  by  the  division  of  the  superior  muscle, 
the  eye  was  permanently  depressed. 

11.  Wishing  to  ascertain  if  the  oblique 
muscles  contract  to  force  the  eyeball  later- 
ally towards  the  nose,  I  put  a  fine  thread 
round  the  tendon  of  the  superior  oblique 

x  4 
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muscle  of  a  rabbit,  and  appended  a  glass 
bead  to  it  of  a  weight  to  draw  out  the 
tendon  a  little.  On  touching  the  eye  with 
a  feather,  I  had  the  pleasure  of  seeing  the 
bead  drawn  up.  And  on  repeating  the 
experiment,  the  thread  was  forcibly  drawn 
through  my  fingers. 

By  experiments  made  carefully  in  the 
dead  body,  (having  distended  the  eyeball 
by  dropping  mercury  into  it  to  give  it  its 
full  globular  figure,)  I  had  found  that  the 
action  of  the  superior  oblique  muscle  is  to 
turn  the  pupil  downwards  and  outwards, 
and  that  the  inferior  oblique  just  reverses 
this  motion  of  the  eye.  In  the  above  ex- 
periment there  is  abundance  of  proof  that 
the  superior  oblique  muscle  acted,  and  yet 
the  pupil  was  not  turned  downwards  and 
outwards,  therefore  both  oblique  muscles 
must  have  been  in  action.  Their  combined 
action  draws  the  eyeball  towards  the  nose. 
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In  the  violent  spasmodic  affection  of  the 
eye,  when  it  is  painfully  irritated,  I  believe 
that  all  the  muscles,  both  of  the  eyeball 
and  eyelids,  are  excited.  In  quadrupeds,  I 
have  ascertained  that  the  oblique  muscles 
act  when  the  haw  is  protruded,  but  I  have 
also  found  that  the  retractor  oculi  alone,  is 
capable  of  forcing  forwards  the  haw. 

But  quadrupeds  having  an  additional 
apparatus  of  muscles  to  those  of  the  human 
eye,  are  not  suited  for  experiments  intended 
to  illustrate  the  motions  of  our  eyes.  The 
monkey  has  the  same  muscles  of  the  eye 
with  man. 

III.  I  cut  across  the  tendon  of  the  su- 
perior oblique  muscle  of  the^  right  eye  of  a 
monkey.  He  was  very  little  disturbed  by 
this  experiment,  and  turned  round  his  eyes 
with  his  characteristic  enquiring  looks,  as  if 
nothing  had  happened  to  affect  the  eye. 
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IV.  I  divided  the  lower  oblique  muscle  of 
the  eye  of  a  monkey.  The  eye  was  not,  in 
any  sensible  manner,  affected;  the  voluntary 
motions  were  perfect  after  the  operation. 

V.  On  holding  open  the  eyes  of  the 
monkey,  which  had  the  superior  oblique 
muscle  of  the  right  eye  divided,  and  waving 
the  hand  before  him,  the  right  eye  turned 
upwards  and  inwards,  while  the  other  eye 
had  a  scarcely  perceptible  motion  in  the 
same  direction.  When  the  right  eye  was 
thus  turned  up,  he  seemed  to  have  a  diffi- 
culty in  bringing  it  down  again. 

From  these  experiments  it  is  proved,  that 
the  division  of  the  oblique  muscles  does  not 
in  any  degree  affect  the  voluntary  motions 
by  which  the  eye  is  directed  to  objects. 

This  cannot,  however,  be  said  of  the  in- 
voluntary winking  motions    of  the   eyes. 


ON    THE    MOTIONS    OF    THE    EYE.        315 

We  have  seen  that  in  winking  to  avoid 
injury,  the  obhque  muscles  were  in  oper- 
ation ;  and  that  the  inferior  obhque  muscle 
gained  in  the  power  of  elevating  the  eye- 
ball by  the  division  of  the  superior  oblique, 
its  opponent. 

These  revolving  motions  accompanying 
the  winking  motions  of  the  eyelids,  are  of 
the  utmost  consequence  to  the  preservation 
of  the  organ.  A  case  which  was  some  time 
under  my  observation  proved  this.  By  a 
defect  of  motion,  the  eye  and  eyelids  re- 
mained fixed,  and  the  consequence  was 
that  the  cornea  inflamed  and  became 
opaque.  Another  curious  circumstance  in 
this  case  was,  that  when  the  eyelids  were 
closed,  the  patient  still  saw  red  light 
through  the  affected  eye,  the  reason  of 
which  was  that  the  eyeball  did  not  turn  up 
when  the  eyelid  was  closed. 
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If  we  close  the  eyes  opposite  to  the  win  - 
dow  or  before  a  candle,  and  continue  to  at- 
tend to  the  sensations  of  the  eye,  we  shall 
still  see  red  light  coming  through  the  eye- 
lids. But  if  we  make  an  effort  to  close  the 
eyelids  (though  they  be  already  shut),  we 
shall  be  in  momentary  darkness,  because 
during  the  effort  the  eyeballs  are  then  turn- 
ed up.  Thus  it  appears  that  the  dropping 
of  the  eyelid  would  make  but  an  imperfect 
curtain  before  the  eye,  and  the  eye,  to  be 
entirely  protected  from  the  light,  must  have 
the  pupil  turned  upwards.* 

On  the  two  Conditions  of  the  Eye^  its  State  of 
Rest^  and  of  Activity, 

The  eye  is  subject  to  two  conditions  :  a 
state  of  rest  with  entire  oblivion  of  sens- 

*  In  the  case  above  alluded  to,  the  patient  had  lost 
both  motion  and  the  common  sensibility  of  the  eye,  the 
office  of  the  fifth  nerve  vs^as  lost,  yet  the  optic  nerve 
retained  its  power,  and  he  could  see. 
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ation,  and  a  state  of  watchfulness,  during 
which  both  the  optic  nerve  and  the  nerve 
of  voluntary  motion  are  in  activity.  When 
the  eye  is  at  rest,  as  in  sleep,  or  even  when 
the  eyelids  are  shut,  the  sensation  on  the 
retina  being  then  neglected,  the  voluntary 
muscles  resign  their  office,  and  the  invo- 
luntary muscles  draw  the  pupil  under  the 
upper  eyelid.  This  is  the  condition  of  the 
organ  during  perfect  repose. 

On  the  other  hand,  there  is  an  insepara- 
ble connection  between  the  exercise  of  the 
sense  of  vision  and  the  exercise  of  the  vo- 
luntary muscles  of  the  eye.  When  an  object 
is  seen,  we  enjoy  two  senses  ;  there  is  an 
impression  upon  the  retina ;  but  we  receive 
also  the  idea  of  position  or  relation  which 
it  is  not  the  office  of  the  retina  to  give.  It 
is  by  the  consciousness  of  the  degree  of  ef- 
fort put   upon  the  voluntary  muscles,  that 
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we  know  the  relative  position  of  an  object 
to  ourselves.  The  relation  existing  between 
the  office  of  the  retina  and  of  the  volun- 
tary muscles,  may  be  illustrated  in  this 
manner. 

Let  the  eyes  be  fixed  upon  an  illuminated 
object  until  the  retina  be  fatigued,  and  in 
some  measure  exhausted  by  the  image,  then 
closing  the  eyes,  the  figure  of  the  object 
will  continue  present  to  them  :  and  it  is 
quite  clear  that  nothing  can  change  the 
place  of  this  impression  on  the  retina.  But 
notwithstanding  that  the  impression  on  the 
retina  cannot  be  changed,  the  idea  thence 
arising  may.  For  by  an  exertion  of  the 
voluntary  muscles  of  the  eyeball,  the  body 
seen  will  appear  to  change  its  place,  and  it 
will,  to  our  feeling,  assume  different  posi- 
tions according  to  the  muscle  which  is  ex- 
ercised.    If  we  raise  the  pupil,  we  shall  see 
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the  body  elevated,  or  if  we  depress  the 
pupil,  we  shall  see  the  body  placed  below 
us ;  and  all  this  takes  place  while  the  eye- 
lids are  shut,  and  when  no  new  impression 
is  conveyed  to  the  retina.  The  state  of  the 
retina  is  here  associated  with  a  conscious- 
ness of  muscular  exertion  ;  and  it  shows 
that  vision  in  its  extended  sense  is  a  com- 
pound operation,  the  idea  of  position  of  an 
object  having  relation  to  the  activity  of  the 
muscles. 

We  may  also  show,  by  varying  this  ex- 
periment, that  an  agitated  state  of  the 
muscles,  or  a  state  of  action  where  the 
muscles  are  at  variance  or  confused,  affects 
the  idea  of  the  image.  If  we  look  on  the 
luminous  body  so  as  to  make  this  impres- 
sion on  the  retina,  and  then  cover  the  face 
so  as  to  exclude  the  light,  keeping  the  eye- 
lids open,  and  if  we  now  squint,  or  distort 
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the  eyes,  the  image  which  was  vividly  im- 
pressed upon  the  retina  instantly  disappears 
as  if  it  were  wiped  out.  Does  not  this  cir- 
cumstance take  place,  because  the  condition 
of  the  muscles  thus  unnaturally  produced, 
being  incongruous  with  the  exercise  of  the 
retina,  disturbs  its  operation  ? 

If  we  move  the  eye  by  the  voluntary 
muscles,  while  this  impression  continues  on 
the  retina,  we  shall  have  the  notion  of  place 
or  relation  raised  in  the  mind ;  but  if  the 
motion  of  the  eye-ball  be  produced  by  any 
other  cause,  by  the  involuntary  muscles,  or 
by  pressure  from  without,  we  shall  have  no 
corresponding  change  of  sensation. 

If  we  make  the  impression  on  the  retina 
in  the  manner  described,  and  shut  the  eyes, 
the  image  will  not  be  elevated,  although 
the  pupils  be  actually  raised,  as  it  is  their 
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condition  to  be  when  the  eyes  are  shut,  be- 
cause there  is  here  no  sense  of  voluntary  ex- 
ertion. If  we  sit  at  some  distance  from  a 
lamp  which  has  a  cover  of  ground-glass,  and 
fix  the  eye  on  the  centre  of  it,  and  then  shut 
the  eye  and  contemplate  the  phantom  in  the 
eye;  and  if,  while  the  image  continues  to 
be  present  of  a  fine  blue  colour,  we  press 
the  eye  aside  with  the  finger,  we  shall  not 
move  that  phantom  or  image,  although  the 
circle  of  light  produced  by  the  pressure  of 
the  finger  against  the  eyeball  moves  with 
the  motion  of  the  finger. 

May  not  this  be  accounted  for  in  this 
manner :  the  motion  produced  in  the  eye- 
ball not  being  performed  by  the  appropriate 
organs,  the  voluntary  muscles,  it  conveys 
no  sensation  of  change  to  the  sensorium, 
and  is  not  associated  with  the  impression 
on  the  retina,  so  as  to  affect  the  idea  ex- 
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cited  in  the  mind  ?  It  is  owing  to  the  same 
cause  that,  when  looking  on  the  lamp,  by 
pressing  one  eye,  we  can  make  two  images, 
and  we  can  make  the  one  move  over  the 
other.  But,  if  we  have  received  the  im- 
pression on  the  retina  so  as  to  leave  the 
phantom  visible  when  the  eyelids  are  shut, 
we  cannot,  by  pressing  one  eye,  produce 
any  such  effect.  We  cannot,  by  any  de- 
gree of  pressure,  make  that  image  appear 
to  move,  but  the  instant  that  the  eye  moves 
by  its  voluntary  muscles,  the  image  changes 
its  place ;  that  is,  we  produce  the  two  sens- 
ations necessary  to  raise  this  idea  in  the 
mind  ;  we  have  the  sensation  on  the  retina 
combined  with  the  consciousness  or  sens- 
ation of  muscular  activity. 

These  experiments  and  this  explanation 
of  the  effect  of  the  associated  action  of  the 
voluntary  muscles  of  the  eyeball,    appear 
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to  me  to  remove  an  obscurity  in  which 
this  subject  has  been  left  by  the  latest 
writers.  In  a  most  scientific  account  of  the 
eye  and  of  optics,  lately  published,  it  is 
said  on  this  question,  "  We  know  nothing 
more  than  that  the  mind  residing,  as  it 
were,  in  every  point  of  the  retina,  refers 
the  impression  made  upon  it,  at  each  point, 
to  a  direction  coinciding  with  the  last  por- 
tion of  the  ray  which  conveys  the  impres- 
sion." The  same  author  says,  "  Kepler 
justly  ascribed  erect  vision  from  an  inverted 
image  to  an  operation  of  the  mind,  by 
which  it  traces  the  rays  back  to  the  pupil, 
and  thus  refers  the  lower  part  of  the  image  to 
the  upper  side  of  the  eye."  What  can  be 
here  meant  by  the  mind  following  back  the 
ray  through  the  humours  of  the  eye?  It 
might  as  well  follow  the  ray  out  of  the  eye, 
and  like  the  spider  feel  along  the  line.  A 
much  greater  authority  says,  we  puzzle  our- 
Y   2 
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selves  without  necessity.  "  We  call  that 
the  lower  end  of  an  object  which  is  next 
the  ground."  No  one  can  doubt  that  the 
obscurity  here,  is  because  the  author  has 
not  given  himself  room  to  illustrate  the 
subject  by  his  known  ingenuity  and  pro- 
foundness. But  it  appears  to  me,  that  the 
utmost  ingenuity  will  be  at  a  loss  to  devise 
an  explanation  of  that  power  by  which  the 
eye  becomes  acquainted  with  the  position 
and  relation  of  objects,  if  the  sense  of 
muscular  activity  be  excluded,  which  ac- 
companies the  motion  of  the  eyeball. 

Let  us  consider  how  minute  and  delicate 
the  sense  of  muscular  motion  is  by  which 
we  balance  the  body,  and  by  which  we 
judge  of  the  position  of  the  limbs,  whether 
during  activity  or  rest.  Let  us  consider 
how  imperfect  the  sense  of  touch  would  be, 
and  how  little  of  what  is  actually  known 
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through  the  double  office  of  muscles  and 
nerves,  would  be  attained  by  the  nerve  of 
touch  alone,  and  we  shall  be  prepared  to 
give  more  importance  to  the  recti  muscles 
of  the  eye,  in  aid  of  the  sense  of  vision : 
to  the  offices  performed  by  the  frame 
around  the  eyeball  in  aid  of  the  instrument 
itself. 

Of  the  Expression  of  the  Eye^  and  of  the 
Actions  of  the  Oblique  Muscles  in  Disease. 

If,  as  I  have  alleged,  the  uses  of  the 
oblique  muscles  of  the  eye  have  been  mis- 
understood, and  if,  as  I  hope  presently  to 
prove,  the  distinctions  of  the  nerves  have 
been  neglected,  the  symptoms  of  disease, 
and  the  sources  of  expression  in  the  eye, 
must  remain  to  be  explained. 

During  sleep,  in  oppression  of  the  brain,, 
Y  3 
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in  faintness,  in  debility  after  fever,  in  hy- 
drocephalus, and  on  the  approach  of  death, 
the  pupils  of  the  eyes  are  elevated.  If  we 
open  the  eyelids  of  a  person  during  sleep 
or  insensibility,  the  pupils  will  be  found 
elevated.  Whatever  be  the  cause  of  this, 
it  will  be  found  that  it  is  also  the  cause  of 
the  expression  in  sickness,  and  pain,  and 
exhaustion,  whether  of  body  or  mind:  for 
then  the  eyelids  are  relaxed  and  fallen, 
and  the  pupils  elevated  so  as  to  be  half 
covered  by  the  upper  eyelid.  This  condi- 
tion of  the  eye  during  its  insensible  unex- 
ercised state,  we  are  required  to  explain. 

It  is  a  fact  familiar  to  pathologists,  that 
when'  debility  arises  from  affection  of  the 
brain,  the  influence  is  greatest  on  those 
muscles  which  are,  in  their  natural  condi- 
tion, most  under  the  command  of  the  will. 
We  may  perceive  this  in  the  progressive 
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stages  of  debility  in  the  drunkard,  when 
successively  the  muscles  of  the  tongue,  the 
eyes,  the  face,  the  limbs,  become  unman- 
ageable ;  and,  under  the  same  circumstances, 
the  muscles  which  have  a  double  office,  as 
those  of  the  chest,  lose  their  voluntary 
motions,  and  retain  their  involuntary  mo- 
tions, the  force  of  the  arms  is  gone  long 
before  the  action  of  breathing  is  affected. 

If  we  transfer  this  principle,  and  apply  it 
to  the  muscles  of  the  eye,  we  shall  have  an 
easy  solution  of  the  phenomena  above  enu- 
merated. The  recti  are  voluntary  muscles, 
and  they  suffer  debility  before  the  oblique 
muscles  are  touched  by  the  same  condition; 
and  the  oblique  muscles  prevailing,  roll  the 
eye. 

If  it  be  farther  asked,  why  does  the  eye 
roll  upwards  and  inwards  ?  We  have  to  re- 

Y  4 
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collect,  that  this  is  the  natural  condition  of 
the  eye,  its  position  when  the  eyelids  are 
shut  and  the  light  excluded,  and  the  recti 
at  rest  and  the  obliqui  balanced. 

Although  I  am  aware  that  medical  histo- 
ries do  not  often  lead  to  the  improvement 
of  strict  science,  yet  I  am  tempted  to  de- 
scribe the  condition  of  a  patient  now  under 
my  care,  because  it  exhibits  a  succession  of 
those  phenomena  which  we  seek  to  explain. 
He  presented  himself  to  me  in  the  hos- 
pital, with  a  distinct  squint,  the  left  eye 
being  distorted  from  the  object.  On  the 
eyelid  of  the  right  eye  there  was  a  deep 
venereal  ulcer ;  the  man  was  in  danger  of 
losing  the  right  eye,  and  required  prompt 
assistance;  but  before  he  could  be  brought 
under  the  influence  of  mercury,  the  in- 
flamed ^ore  became  deeper  and  the  cornea 
opaque.    The  superior  rectus  muscle  being. 
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as  I  suppose,  injured  by  the  encreasing 
depth  of  the  sore,  the  pupil  became  per- 
manently depressed.  The  sight  of  the 
right  eye  being  now  lost,  the  left  eye 
came  into  use ;  it  was  directed  with  preci- 
sion to  objects,  he  had  no  difficulty  in 
using  it,  and  it  daily  became  stronger. 

After  a  few  weeks,  medicine  having  had 
its  influence,  the  sore  on  the  upper  eyelid 
of  the  right  eye  healed,  the  inflammation 
and  opacity  of  the  eye  gradually  diminished, 
the  light  became  again  visible  to  him ;  first 
it  was  yellow,  and  then  a  deep  purple. 
And  now  the  muscles  resumed  their  influ- 
ence, and  the  eye  was  restored  to  parallel 
motion  with  the  other,  and  so  as  consider- 
ably to  embarrass  the  vision.  But  the  in- 
flammation of  the  upper  eyelid  had  been 
so  great,  as  to  diminish  its  mobility ;  and 
what   appeared    most    extraordinary,    the 
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lower  eyelid  assumed  the  office  of  the  up- 
per one,  and  a  very  unusual  degree  of  mo- 
tion was  remarked  in  it.  It  was  depressed 
when  he  attempted  to  open  the  eye,  and 
elevated  and  drawn  towards  the  nose,  when 
he  closed  the  eye.  But  the  upper  eyelid 
was  not  only  stiff,  but  diminished  in 
breadth ;  so  that  notwithstanding  the  re- 
markable elevation  of  the  lower  eyelid, 
their  margins  could  not.be  brought  together, 
and  we  could  perceive  the  motion  of  the 
eyeball ;  in  his  attempt  to  close  the  eye  we 
constantly  saw  the  pupil  elevated,  and  the 
white  part  of  the  eye  exposed. 

I  shall  now  attempt  the  explanation  of 
these  phenomena. 

The  impression  upon  the  left  eye  had 
been  weak  from  infancy,  and  the  retina  be- 
ing  unexercised,  the   recti,   or   voluntary 
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muscles,  wanted  their  excitement,  and  were 
deficient  in  activity  ;  the  involuntary  mus- 
cles therefore  prevailed,  and  the  pupil  was 
turned  upwards  and  inwards,  and  conse- 
quently removed  from  the  axis  of  the  other 
eye.  But  when  that  other  eye  became  ob- 
scured, the  left  eye  being  the  only  inlet  to 
sensation,  the  attention  became  directed  to 
the  impression  on  the  retina,  the  voluntary 
muscles  were  excited  to  activity,  and  they 
brought  the  eye  to  bear  upon  objects. 
This  eye  improved  daily,  because  the  na- 
tural exercise  of  a  part  is  its  stimulus  to 
perfection,  both  in  function  and  in  growth. 
When  the  right  eye  became  transparent, 
and  the  light  was  admitted,  the  voluntary 
muscles  of  that  eye  partook  of  their  natural 
stimulus,  and  commenced  that  effort  in 
search  of  the  object,  which  in  the  course 
of  a  few  days  brought  the  eye  to  its  proper 
axis,  and  both  eyes  to  parallelism. 
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The  next  thing  that  attracts  our  attention 
in  this  short  narrative,  is  the  revolving  of 
the  eyeball.  It  has  been  explained  in  a 
former  part  of  the  paper,  that  when  the 
eyelids  are  shut,  the  recti,  or  voluntary 
muscles,  resign  their  office,  and  the  inferior 
oblique  muscle  gains  power,  and  the  eye- 
ball traverses  so  as  to  raise  the  pupiL  It 
will  not  have  escaped  observation,  that  the 
pupil  of  this  eye  was  depressed,  and  could 
not  be  elevated  by  a  voluntary  act  for  the 
purpose  of  vision,  owing,  as  we  have  sup- 
posed, to  the  injury  of  the  rectus  attollens, 
at  the  same  time  that  it  was  thus  raised  in- 
voluntarily, in  the  attempt  to  shut  the  eye  ; 
a  proof  that  this  insensible  motion  is  per- 
formed by  the  lower  oblique  muscle,  and 
not  the  superior  rectus  muscle. 

The   circumstance   of  the   lower   eyelid 
assuming  the  functions  of  the  upper  one, 
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and  moving  like  the  lower  eyelid  of  a  bird, 
reminds  me  of  an  omission  in  the  account 
of  authors.  They  have  sought  for  a  de- 
pressor of  the  inferior  eyelid,  which  has  no 
existence,  and  is  quite  unnecessary ;  for 
the  motion  of  the  M.  elevator  palpebrce 
siiperioris  opens  v/ide  the  eyelids,  and  de- 
presses the  lower  eyelid,  at  the  same  time 
that  it  elevates  the  upper  eyelid.  If  we 
put  the  finger  on  the  lower  eyelid  when 
the  eye, is  shut,  and  then  open  the  eye,  we 
shall  feel  that  during  this  action  the  eyeball 
is  pushed  outwards  ;  and  we  may  observe, 
that  the  lower  eyelid  is  so  adapted  as  to 
slip  off  the  convex  surface  of  the  ball,  and 
is  consequently  depressed.  The  reason  of 
this  is,  that  the  muscle  which  raises  the 
upper  eyelid  passes  over  a  considerable  part 
of  the  upper  and  back  part  of  the  eyeball, 
and  the  origin  and  insertion  of  the  muscle 
being  under  the  highest  convexity  of  the 
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ball,  that  body  must  be  pressed  forwards  in 
proportion  to  the  resistance  of  the  upper 
eyelid  to  rise.  In  the  preceding  case  the 
upper  eyeUd  being  stiff  and  unyielding, 
both  the  origin  and  the  insertion  of  the 
elevator  palpebrce  became  fixed  points  ;  con- 
sequently, the  action  of  the  muscle  fell  en- 
tirely on  the  eyeball  itself,  whereby  it  was 
forced  downwards  and  forwards  in  an  unu- 
sual manner,  and  so  depressed  the  lower 
eyelid  to  an  unusual  degree.  Thus  the 
muscle  became  a  depressor  of  the  inferior 
eyelid,  instead  of  an  elevator  of  the  upper 
eyelid !  The  motion  of  elevation  in  the 
lower  eyelid  was  of  course  performed  by 
an  encreased  action  of  the  lower  portion  of 
the  orbicularis  palpebrarum. 

The  Author  has  to  regret  that  these  mi- 
nute circumstances  regarding  the  action  of 
muscles  of  the  eye  have  led  him  to  so  great 


ON    THE    MOTIONS    OF    THE    ETE.        SS5 

a  length ;  he  hopes  they  are  not  altogether 
without  interest  in  themselves,  while  the 
discussion  will  afford  him  secure  ground  for 
establishing  an  arrangement  of  the  nerves 
of  the  eye,  and  will  enable  him  to  distin- 
guish them  according  to  their  uses. 
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THE  NERVES  OF  THE  ORBIT. 


[Read  before  the  Royal  Society^  June  1 9.  1 823.] 

In  these  Papers  I  endeavour,  to  the  utmost 
of  my  power,  to  distinguish  between  the 
facts  which  I  am  able  to  substantiate,  and 
the  hypothesis  by  which  I  have  been  di- 
rected in  my  inquiries.  1  hope  that  the 
importance  of  the  facts  may  give  some  bias 
in  favour  of  that  mode  of  reasoning  by 
which  they  have  been  discovered,  and  an 
additional  interest  to  anatomical  studies, 
z  2 
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In  my  endeavour  to  arrange  the  nerves 
of  the  orbit,  I  encounter,  in  the  first  step, 
all  the  difficulties  of  my  subject ;  for  al- 
though there  be  only  nine  nerves  properly 
enumerated  as  proceeding  from  the  brain, 
six  of  these  go  to  the  eye  ;  the  second, 
third,  fourth,  part  of  the  fifth,  sixth,  and 
seventh,  go  into  the  orbit,  and  may  be  said 
to  be  concentrated  into  a  space  no  larger 
than  a  nut-shelL 

In  this  investigation  it  is  not  always  pos- 
sible to  give  demonstrative  evidence,  or  to 
answer  opposition  by  cutting  across  a  nerve; 
here  we  must  proceed  on  a  minute  investi- 
gation of  the  anatomy,  and  by  reasoning, 
rather  than  by  experiment :  yet  I  shall  de- 
monstrate what  was  stated  hypothetically, 
in  a  former  paper,  that  there  is  a  corre- 
spondence between  the  compound  functions 
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of  an   organ,  and  the  nerves  transmitted 
to  it. 


Of  the  Function  of  the  Ophthalmicus^  a 
Division  of  the  Fifth  Nerve. 

We  are,  in  the  first  place,  to  enquire  by 
what  nerve  the  common  endowment  of  sen- 
sibihty  is  bestowed  upon  the  membranes 
and  surfaces  of  the  eye.  On  recurring  to 
this  subject  we  are  reminded,  that  the  sen- 
sibihties  of  the  body  differ  as  much  in  kind 
as  in  degree  ;  that  the  sensation  of  pain  is 
provided  to  rouse  our  activity,  and  guard  us 
against  violence,  or,  by  means  more  direct, 
to  excite  instinctive  motions,  v/hich  shall 
anticipate  the  most  rapid  actions  of  the  will, 
and  serve  as  a  more  perfect  safeguard.  The 
trigeminus,  or  fifth  nerve,  bestows  upon  all 
the  surfaces  of  the  head  and  face,  external 
and  internal,  that  sensibihty  which  is  en- 
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joyed  by  the  rest  of  the  body  through  the 
spinal  nerves.  But  through  some  of  its 
branches  is  also  bestowed  that  distinct  sense 
on  certain  parts,  for  the  purpose  of  drawing 
the  muscles  into  combination ;  as,  for  ex- 
ample, that  fine  sensibility  of  the  surface  of 
the  eye  to  the  presence  of  minute  particles, 
which  at  once  excites  the  flow  of  tears,  and 
draws  the  muscles  into  a  combination  to 
expel  the  offensive  matter. 

It  has  been  shown  in  a  preceding  paper, 
by  experiment,  that  on  dividing  the  branch 
of  the  fifth  nerve  to  the  cheek  and  lips,  the 
skin  was  deprived  of  sensibility,  although 
in  possession  of  other  nerves,  and  enjoying 
muscular  activity.  The  same  has  been 
proved  in  regard  to  this  ophthalmic  divi- 
sion ;  for  if  that  branch  of  it  which  comes 
through  the  orbit  and  mounts  upon  the 
forehead,  be  divided,  the  skin  will  be  de* 
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prived  of  sensibility,  while  the  motion  of 
the  eyebrow  will  remain  entire. 

These  facts  are  so  strong,  that  when  sup- 
ported by  the  symptoms  of  disease  they 
afford  no  apology  for  deep  dissection  in  the 
living  animal,  and  authorize  the  conclusion, 
that  all  the  branches  of  the  same  division 
resemble  each  other  in  function,  and  bestow 
sensibility  on  the  parts  within,  as  well  as  on 
those  without. 

That  the  ophthalmic  nerve  may  be  de- 
prived of  its  function,  and  the  parts  sup- 
plied by  it  of  their  sensibility,  we  may  learn 
from  the  following  instance,  Gom;municated 
to  me  by  Mr.  Crampton,  of  Dublin.  To 
understand  the  inference  from  the  follow- 
ing short  narrative,  it  is  only  necessary  to 
remember,  that  the  nerve  in  question  goes 
through  the  orbit,  supplying  the  parts  con- 
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tained  in  it,  but  that  it  also  extends  its 
branches  to  the  angle  of  the  eye,  eyelids, 
and  forehead.  ^^  A  few  days  after  the  dis- 
charge from  the  ear  had  ceased,  the  eye 
became  entirely  insensible  to  the  touch. 
This  loss  of  feeling  extended  to  the  lining 
of  the  eyelids,  to  the  skin  covering  them, 
and  to  the  skin  of  the  cheek  and  forehead, 
for  about  an  inch  surrounding  the  eye  :  it 
did  not  go  beyond  the  middle  line  of  the 
face.  When  she  told  me  her  eye  was  dead 
(as  she  expressed  it),  to  be  certain,  I  drew 
my  finger  over  its  surface ;  and  so  far  was 
this  from  giving  her  pain,  that  she  assured 
me  she  could  not  feel  that  I  was  touching 
it  at  all.  The  eyelids  made  no  effort  to 
close  while  I  was  doing  this,  but  the  con- 
junctiva appeared  sensible  to  the  stimulus, 
as  a  number  of  vessels  on  the  surface  of 
the  eye  became  immediately  injected  with 
blood." 
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Here  we  have  an  insensibility  of  the  eye 
itself  corresponding  with  the  insensibility 
of  the  skin,  which  latter  part  we  know  pos- 
sesses sensibility  through  the  fftJi  nerve; 
and  we  therefore  conclude,  that  it  is  the 
aflPection  of  the  same  nerve  near  its  root, 
to  which  we  have  to  attribute  the  insensi- 
bility of  the  surfaces  of  the  eye,  as  well  as 
of  the  skin  round  the  eve.  We  must  ob- 
serve  in  this  case,  as  in  others  of  which  I 
have  had  experience,  vision,  that  is  the 
function  of  the  optic  nerve,  remained 
entire  during  the  loss  of  common  sensi- 
bility. 

By  experiment  it  can  farther  be  made 
evident,  that  the  sensibility  of  the  eye,  en- 
joyed through  the  ophthalmic  nerve,  does 
not  bestow  on  the  organ  directly  the  power 
of  combining  the  muscles,  either  for  the 
defence  of  the  eye,  or  for  any  other  pur- 
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pose.  The  impression  must  be  referred 
back  to  the  brain,  and  the  muscles  excited 
by  their  proper  nerves.  I  have  not  been 
able  to  excite  the  motion  of  the  eye  by  irri- 
tating the  ophthalmic  division  of  the  fifth 
after  the  division  of  its  root  *  ;  and  in  the 
instance  just  given,  the  eyelids  did  not 
move  when  the  surface  of  the  eye  was  irri- 
tated, because  no  sensation  was  conveyed 
inward  to  the  sensorium,  and  consequently 
no  mandate  transmitted  from  it.  The 
young  lady  could  see,  and  could  move  the 
eye  and  eyelids  ;  the  eye  itself  was  irritated 
by  touch,  as  appeared  from  the  rising  in- 
flammation ;  but  by  the  insensibility  of 
the  ophthalmic  nerve,  a  link  was  lost  in 
the  relation  necessary  to  join  the  action 


*  In  attempting  to  excite  the  muscles  of  the  eye  by 
galvanism  sent  through  the  fifth  nerve,  the  muscles  of 
the  jaw  were  affected. 
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of  the   muscles   to   the   sensibihty  of  the 
surface.* 


Of  the  Nerves  performing  the  involuntary 
Motions. 

We  have  just  seen  that  nerves  in  great 
profusion  come  out  upon  the  eyehds  and 
forehead,  and  until  these  experiments  were 
made,  it  was  supposed  that  they  directed 
the  motions  of  the  forehead  and  eyelids. 
But  I  have  found  that  they  have  nothing  to 
do  with  this  function.  On  the  contrary,  a 
very  small  branch  of  the  respiratory  nerve 
of  the  face,  that  nerve  which  comes  out 
before  the  ear,  controls  the  motions  of  the 
forehead  and  eyelids.  If  this  small  nerve 
be  divided,  then  the  motions  of  the  eyelids 
are  lost,  and  they  remain  open.     If,  on  the 

*  See  the  case  below  of  Martha  Symmonds. 
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contrary,  all  the  nerves,  that  is  to  say,  the 
second,  third,  fourth,  and  fifth,  should  be 
destroyed,  and  this  small  twig  remain 
entire,  the  contractions  of  the  eyelids  re- 
main perfect.  The  inquiries  instituted  in 
the  first  part  of  this  paper  give  a  lively 
idea  of  the  consequences  of  the  imperfec- 
tion arising  from  the  defect  of  this  small 
branch  of  the  respiratory  nerve ;  showing 
that  the  eye,  being  unguarded  and  un- 
washed, becomes  dry  by  evaporation,  and 
inflames,  and  the  cornea  becomes  opaque. 
It  is  unnecessary  to  point  out  the  import- 
ance of  this  fact  to  the  operating  surgeon. 

It  has  been  asked,  why  should  this  nerve 
be  called  respiratory  ;  and  what  have  the 
actions  of  respiration  to  do  with  the  eyelids? 
The  name  was  given  to  excite  attention  to 
certain  relations  ;  that  the  question  might 
be  asked,  and  the  connections  of  remote 
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parts  noticed  and  remembered.  These 
connections  of  remote  parts  are  so  curious, 
the  knowledge  of  them  is  sometimes  so 
useful,  and  they  are  so  immediately  related 
to  the  present  subject,  that  I  may  be  per- 
mitted to  explain  them. 

During  the  state  of  excitement  of  the 
respiratory  organs,  a  very  extensive  consent 
of  the  muscular  frame  is  necessary  to  bind 
together  and  support  the  textures,  that  they 
may  bear  the  strain,  either  during  violent 
efforts  of  the  body,  as  in  coughing,  sneez- 
ing, &Co  We  may  take  the  act  of  sneezing 
as  a  familiar  example  of  the  manner  in 
which  the  eye  is  guarded  during  a  sudden 
and  violent  act  of  expiration. 

At  the  instant  of  this  convulsive  action 
of  the  respiratory  muscles,  a  violent  im- 
pulse is  communicated  to  the  head  along 
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the  column  of  blood  in  the  vessels  of  the 
head  and  neck.  Every  body  is  sensible  of 
the  eye  flashing  light  at  this  moment ;  but 
the  cause  is  mistaken,  for  it  is  supposed  to 
be  the  impulse  of  blood  forced  into  the  eye; 
whereas  it  is  the  contraction  of  the  eyelids 
to  counteract  the  force  of  the  impulse,  and 
to  guard  the  delicate  texture  of  the  eye. 
If  the  eyelids  be  held  open  during  the  act 
of  sneezing,  no  sensation  of  light  will  be 
experienced,  because  the  contraction  of  the 
eyelids  upon  the  eyeball  is  prevented. 

Can  we  believe  this  action  of  the  muscle 
of  the  eyelids  in  combination  with  the 
action  of  the  respiratory  muscles,  to  be  an 
accidental  connection  ?  Is  it  not  rather  a 
provision  to  compress  and  support  the  vas- 
cular system  of  the  eye,  and  to  guard  it 
against  the  violent  rush  of  blood  which 
attends  certain  acts  of  respiration  ?     If  we 
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open  the  eyelids  of  a  child  to  examine  the 
eye  while  it  is  crying,  and  struggling  with 
passion,  by  taking  off  the  natural  support 
from  the  eye,  the  blood  at  the  same  time 
being  forced  violently  into  the  head  by  the 
act  of  respiration,  we  shall  see  the  conjunc- 
tiva suddenly  fill  with  blood,  and  the  eye- 
lid everted. 

The  respiratory  nerve  of  the  face  per- 
forms two  offices,  one  of  which  is  volun- 
tary, as  in  moving  the  cheeks  and  lips  in 
speech  ;  and  the  other  involuntary,  as  in 
moving  the  nostrils  in  breathing  during 
sleep  or  insensibility.  In  like  manner  that 
branch  of  the  respiratory  nerve  which  is 
prolonged  to  the  eyelids  performs  a  double 
office,  contracting  the  eyelids  by  volition, 
and  also  producing  those  involuntary  wink- 
ing motions  of  the  eyelids  which  disperse 
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the  tearsj  and  preserve  the  lucid  surface 
clear,  whilst  it  causes  a  correspondence  in 
the  motions  of  the  eyelids  with  the  act  of 
respiration."^ 

But  it  has  been  observed,  in  the  First 
Part  of  this  Paper,  that  the  shutting  of  the 
eyelids  is  not  the  only  part  of  the  act  of 
preservation,  and  that  the  motions  of  the 
eyelids  are  attended  with  a  rolling  of  the 
eyeball.  How  is  this  relation  between  the 
eyelids  and  eyeball  established  ?  This  leads 
to  an  examination  of  the  fourth  nerve. 


*  Having  distinguished  the  functions  of  the  fifth  and 
seventh  nerves,  a  question  still  remains,  whether  the  dif- 
ferent operations  performed  by  any  one  of  them  depend 
on  the  exercise  of  distinct  filaments  ?  I  believe  these 
filaments  to  be  distinct  nerves  bound  up  together,  and 
analogy  would  lead  me  to  suppose  them  capable  of  dis- 
tinct functions  ;  but  I  cannot  demonstrate  this  unless  in 
the  spinal  nerves,  where  the  roots  are  separate. 
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The  Fourth  Nerve. 

This  is  a  fine  nerve,  which  takes  its  origin 
from  the  brain,  at  a  part  remote  from  all 
the  other  nerves  which  run  into  the  orbit. 
It  threads  the  intricacies  of  the  other  nerves 
without  touching  them,  and  is  entirely  given 
to  one  muscle,  the  superior  oblique.  We 
may  observe,  too,  that  this  singularity  pre- 
vails in  all  animals.  What  office  can  this 
nerve  have  in  reference  to  this  one  muscle? 
Why  is  its  root,  or  source,  different  from 
the  other  nerves, — from  the  nerve  of  vision, 
the  nerve  of  common  sensibility,  and  the 
nerve  of  voluntary  motion  ?  We  now  re- 
flect, with  increased  interest,  on  the  offices 
of  the  oblique  muscles  of  the  eye,  observ- 
ing that  they  perform  an  insensible  rolling 
of  the  eyeball,  and  hold  it  in  a  state  of  sus- 
pension between  them.    We  have  seen  that 
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the  effect  of  dividing  the  superior  oblique 
was  to  cause  the  eye  to  roll  more  forcibly 
upwards  ;  and  if  we  suppose  that  the  influ- 
ence of  the  fourth  nerve  is,  on  certain  oc- 
casions, to  cause  a  relaxation  of  the  muscle 
to  which  it  goes,  the  eyeball  must  be  then 
rolled  upwards.* 

*  The  nerves  have  been  considered  so  generally  as 
instruments  for  stimulating  the  muscles,  without  thought 
of  their  acting  in  the  opposite  capacity,  that  some  addi- 
tional illustration  may  be  necessary  here.  Through  the 
nerves  is  established  the  connection  between  the  muscles, 
not  only  that  connection  by  which  muscles  combine  to 
one  effort,  but  also  that  relation  between  the  classes  of 
muscles  by  which  the  one  relaxes  while  the  other  con- 
tracts. I  appended  a  weight  to  a  tendon  of  an  extensor 
muscle,  which  gently  stretched  it  and  drew  out  the  mus- 
cle ;  and  I  found  that  the  contraction  of  the  opponent 
flexor  was  attended  with  a  descent  of  the  weight,  which 
indicated  the  relaxation  of  the  extensor.  To  esta- 
blish this  connection  between  two  classes  of  muscles, 
whether  they  be  grouped  near  together,  as  in  the  limbs, 
or  scattered  widely  as  the  muscles  of  respiration,  there 
must  be  particular  and  appropriate  nerves  to  form  this 
double  bond,  to  cause  them  to  conspire  in  relaxation  as 
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The  course  of  inquiry  leads  us,  in  the 
next  place,  to  observe  the  vicinity  of  the 
root  of  this  fourth  nerve  to  the  origin  of 
the  respiratory  of  the  face,  and  we  find 
them  arising  from  the  same  track  of  fibrous 
substance.  The  column  of  medullary  mat- 
ter which  constitutes  that  part  of  the  me- 
dulla oblongata  from  which  the  respiratory 
nerves  arise,  terminates  upwards,  or  at  its 
anterior  extremity,  just  under  the  corpora 
quadrigemina,  and  there  the  fourth  arises. 
Is  it  possible,  then,  we  say,  that  there  can 
be  any  correspondence  between  the  general 
act  of  respiration,  and  the  rolling  of  the 
eye  ?  Led  thus  to  make  the  experiment, 
I  was  gratified  to  find  it  so  easy  to  give  the 


well  as  to  combine  in  contraction.  If  such  a  relation- 
ship be  established,  through  the  distribution  of  nerves, 
between  the  muscles  of  the  eyelids  and  the  superior 
oblique  muscle  of  the  eyeball,  the  one  will  relax  while 
the  other  contracts. 
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proof.  On  stopping  the  nostrils  with  the 
handkerchief,  every  effort  to  blow  the  nose 
will  be  attended  by  a  rapid  rising  of  the 
cornea  under  the  upper  eyelid.  And  on 
every  occasion  when  the  eyelids  suffer  con- 
traction through  the  agency  of  the  respira- 
tory nerve  of  the  face,  as  in  sneezing,  the 
eyeball  is  rolled  upwards,  undoubtedly 
through  the  agency  of  the  fourth  nerve. 

I  might,  perhaps,  be  satisfied  with  having 
made  the  observation  of  these  two  facts  ; 
first,  that  there  is  such  a  combination  of  the 
motions  of  the  eyeball  and  eyelids  as  I  have 
before  noticed  ;  and  secondly,  that  the 
nerves  which  move  the  eyelids,  and  the 
nerve  of  the  obliquus  muscle  of  the  eye- 
ball, are  associated  at  their  roots ;  but  I 
should  not  do  full  justice  to  this  interesting 
subject  if  I  did  not  attempt  something 
farther. 
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It  is  plain  that  we  must  consider  the 
nerves  and  muscles  of  the  eyelids  in  a 
double  capacity,  in  their  voluntary  and  in- 
voluntary actions.  In  the  first,  the  motions 
of  the  eyelids  combine  with  the  whole 
muscles  of  the  eyeball,  as  we  may  perceive 
in  the  voluntary  contractions  and  squeezing 
of  the  eye ;  but  in  the  insensible  and  in- 
voluntary motions  of  the  eyelids,  there 
would  be  no  sympathy  with  the  muscles  of 
the  eyeball,  and  therefore  no  correspond- 
ence in  the  motion  of  these  parts,  without 
a  nerve  of  the  nature  of  the  fourth  ;  that 
is,  a  nerve  which  having  diverged  from  the 
root  of  the  respiratory  nerves,  takes  its 
course  to  the  oblique  muscles.  In  one 
word,  the  connection  of  its  root  declares 
the  office  of  this  nerve. 

The  expression  of  the  eye   in   passion 
confirms  the  truth  of  this  relation  being 
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established  by  a  respiratory  nerve,  and  con- 
sequently by  a  nerve  of  expression.  In 
bodily  pain,  in  agony  of  mind,  and  in  all 
this  class  of  passions,  the  eyes  are  raised 
and  dragged,  in  conjunction  with  the 
changes  to  which  the  other  features  are 
subjected.  If  it  be  asked  now,  as  it  has 
been  asked  for  some  hundred  years  past, 
why  the  fourth  nerve  goes  into  the  orbit, 
where  there  are  so  many  nerves,  why  it  is 
so  distant  in  its  origin  from  the  other 
nerves,  and  why  it  sends  off  no  twig  or 
branch,  but  goes  entirely  to  one  muscle  of 
the  eye  ?  the  answer  is,  to  provide  for  the 
insensible  and  instinctive  rolling  of  the 
eyeball ;  and  to  associate  this  motion  of 
the  eyeball  with  the  winking  motions  of 
the  eyelids  ;  to  establish  a  relation  between 
the  eye  and  the  extended  respiratory  sys- 
tem :  all  tending  to  the  security  or  preser- 
vation of  the  organ  itself 
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Of  the  Voluntary  Nerves. 

The  voluntary  nerves  of  the  eye  are  the 
third  and  sixth.  The  third  nerve  arises 
from  the  crus  cerebri;  that  track  of  medul- 
lary matter  which  gives  off  all  the  nerves 
purely  of  volition.  It  is  given  to  the  mus- 
cles of  the  eye  generally,  and  to  no  part 
but  muscles.  For  these  reasons  we  retain 
the  name  motor  oculi^  given  by  Wiljis,  al- 
though his  reasons  for  calling  it  so  were 
fanciful  and  unsatisfactory.  The  fifth 
nerve,  by  its  ophthalmic  division,  gives 
branches  to  the  muscles  of  the  eye,  but  not 
so  profusely  as  to  the  surrounding  parts ; 
and  not  more  than  sufficient  to  give  them 
sensibility  in  the  degree  possessed  by 
muscular  substance  generally.  Since  the 
branches  of  this  fifth  nerve,  transmitted  to 
the  muscles  of  the  eyelids  and  forehead,  do 
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not  minister  in  any  degree  to  muscular 
action  there,  it  would  be  unwarrantable  to 
suppose  that  they  served  the  purpose  of 
giving  action  to  the  muscles  within  the 
orbit.  For  these  reasons,  I  conceive  the 
third  nerve  to  be  that  which  gives  volition 
to  the  muscles  of  the  eye,  and  that  it  is,  of 
all  the  nerves  of  the  body,  the  most  per- 
fectly and  directly  under  the  power  of  the 
will. 

The  sixth  nerve  is  called  abducens,  and 
motor  externus.  With  regard  to°  its  origin 
and  distribution,  there  is  no  obscurity  in 
this  nerve ;  it  arises  from  the  same  track  of 
medullary  matter  which  gives  rise  to  the 
motor  nerves,  and  it  is  distributed  to  a  vo- 
luntary muscle,  the  rectus  externus.  In  this 
respect  it  is  like  a  subdivision  of  the  third, 
and  without  doubt  it  is  a  voluntary  nerve ; 
but  there  is  a  circumstance  in  its  connec- 
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tion  which  I  cannot  explain.  It  receives  a 
gross  branch  from  the  great  visceral  nerve 
called  Sympathetic.  This  nerve,  ascending 
through  the  base  of  the  skull,  unites  with 
the  sixth  nerve  as  it  is  entering  the  orbit. 
Some,  having  proceeded  so  far,  would  be 
inclined  to  call  this  an  accidental  connec- 
tion, and  so  leave  it ;  but  similar  investiga- 
tions for  many  years  have  brought  me  to 
the  conviction  that  there  is  no  accident  in 
an  animal  body  ;  and  comparative  anatomy 
proves  this  to  be  a  regular  established  re- 
lation. 

To  return  to  the  consideration  of  these 
nerves  of  volition  as  they  regard  the  eye,  we 
may  affirm,  that  although  they  want  sensibi- 
lity, in  the  common  acceptation  of  the  term, 
they  no  doubt  furnish  the  mind  with  the 
rudiments  of  certain  sensations,  and  so  far 
resemble  the  nerves  of  the  senses.     From 
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experiments  narrated  in  the  first  part  of 
this  paper,  it  appears  that  we  are  sensible 
to  the  degree  of  agency  exercised  by  the 
voluntary  muscles  of  the  eye.  These 
nerves,  the  third  and  sixth,  although  they 
receive  no  external  impression,  are  never- 
theless agents  which  give  rise  to  the  per- 
ceptions of  place  or  relation,  in  aid  of  that 
sensibility  enjoyed  by  the  optic  nerve  and 
retina. 

I  shall  conclude  these  observations  with 
a  case  which  will  now  serve  the  reader  as  an 
anatomical  exercise : — 

Martha  Symmonds,  aetat.  41,  Northum- 
berland Ward.  —  This  woman  was  admitted 
into  the  hospital  for  a  disease  apparently 
seated  in  the  left  orbit.  Nine  months  ago 
she  had  a  paralytic  stroke,  attended  with 
the  loss  of  power  in  her  right  arm,  and  she 
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lost  the  sensation  of  the  arm,  neck,  and  face, 
on  the  same  side.  She  lost,  also,  her  power 
of  speech,  excepting  only  to  "  babble,"  as 
she  says.  She  recovered  from  this  attack, 
and  went  into  service.  About  eight  or  ten 
weeks  ago  she  was  alarmed  by  a  commenc- 
ing dimness  in  both  her  eyes,  and  she  was 
obliged  to  leave  her  place  on  account  of 
this  dimness  of  her  sight.  Both  her  eyes 
were  equally  affected,  and  there  was  no  red- 
ness or  opacity  perceptible  in  either  of 
them.  She  placed  herself  under  a  medical 
gentleman  because  she  dreaded  a  return  of 
the  palsy.  About  six  weeks  ago  the  upper 
eyelid  of  the  left  eye  fell,  and  she  could  not 
raise  it.  At  that  time  she  suffered  great 
pain  above  the  left  eye,  and  the  pain  ex- 
tended upon  the  left  side  of  her  forehead. 
She  at  the  same  time  lost  the  vision  of 
this  eye,  although  she  could  distinguish  by 
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it  the  light  of  day  from  darkness.  She 
could  direct  the  motions  of  this  eyeball  as 
well  as  of  the  other  at  that  time,  and  the 
appearance  of  the  eye  was  natural. 

Five  days  before  she  was  admitted  into 
the  hospital,  she  experienced  a  violent  deep 
throbbing  pain  in  her  left  eye,  and  from 
that  time  the  eyeball,  as  she  says,  became 
enlarged,  until  it  projected  considerably 
beyond  the  orbit.  Two  days  before  her 
admittance  she  was  totally  blind  in  that 
eye,  and  was  deprived  of  sensation  on  the 
surface  of  the  whole  eye,  eyelids,  the  inter- 
nal corner  of  the  nose,  and  upon  the  left 
side  of  her  forehead. 

At  present  her  left  eye  is  covered  with 
its  upper  eyelid,  and  projects  greatly  from 
its  natural  situation.     The  lower  eyelid  is 
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everted,  as  a  consequence  of  the  projection 
of  the  ball  of  the  eye,  and  the  conjunctiva 
is  tumid  and  projecting.     She  cannot  raise 
the  upper  eyelid,  although,  when  it  is  raised 
with  her  finger,   she  can  squeeze  it  down 
again,  and  winks  with  a  motion  which  cor- 
responds naturally  with  that  of  the  other 
eye.     It  may  be  a  question,  whether  the 
globe  of  the  eye  is  enlarged  or  only  pro- 
truded.    The   pupil  is    unnaturally  large, 
and  the  iris  is  without  motion.     She  cannot 
move  the  eyeball  in  any  direction.     The 
whole  eye  is  insensible :  she  has  just  had 
her  lower  eyelid  scarified,  and  she  was  not 
sensible  of  pain.    She  allows  us  also  to  press 
with  our  finger  on  the  surface  of  the  eye 
without  complaining  of  any  pain,  or  wink- 
ing ;  although,   as  we  said  above,  she  can 
still  wink,  and  does  wink  with  this  eyelid 
when  the  other  eye  is  threatened. 


366  ON    THE    NERVES    OF 

Oct.  6.  —  To-dav  some  further  examin- 
ation  was  made  of  this  woman's  face  and 
head  in  order  to  ascertain  the  extent  of  in- 
sensibility. It  was  stated  in  our  last  report 
that  she  has  lost  sensation  in  the  surface  of 
the  left  eye  and  eyelids,  in  the  corner  of 
her  nose,  and  upon  the  forehead.  In  these 
parts,  she  says  that  now  the  loss  of  sensa- 
tion is  less  complete,  because,  when  she  had 
her  eyelid  scarified  the  other  day,  she  felt 
pain,  which  she  did  not  when  it  was  sca- 
rified before.  The  eye  also  seems  dimi- 
nished in  size. 

Besides  those  parts  which  we  have  already 
described  as  being  affected,  she  has,  in  a 
partial  degree,  lost  sensibility  to  touch  in 
that  part  of  her  cheek  which  is  just  under 
the  orbit,  and  downwards  upon  the  side  of 
her  nose,  and  upon  the  left  side   of  her 
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upper  lip,  and  also  within  the  cavity  of  the 
nose  on  the  left  side.  However,  when  the 
point  of  the  pin  was  brought  near  to  the 
ear,  or  upon  the  skin  which  is  over  the 
lower  jaw,  she  then  was  sensible  of  pain. 
A  piece  of  linen  was  twisted  so  that  it  might 
be  introduced  into  the  left  nostril:  she 
allowed  us  to  push  it  upwards  so  far  as  we 
could,  and  during  this  operation  she  only 
observed,  that  she  was  sensible  of  its  pre- 
sence. Turning  it  about  within  her  nostril 
did  not  make  her  sneeze.  When  we  tried 
the  same  experiment  on  the  other  nostril, 
she  was  unable  to  bear  the  tickling  produced 
by  the  loose  threads  of  the  cloth,  before 
it  was  introduced  into  the  nostril.  Now 
she  informed  us  that  she  is  in  the  habit  of 
taking  snuff:  and  she  is  not  only  insensi- 
ble to  its  usual  agreeable  effects,  but  un- 
conscious of  its  presence  in  the  left  side  of 
the  nose.  We  next  made  her  close  her  right 
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nostril,  and  inhale  strong  spirit  of  am- 
monia ;  and  then  repeated  the  same  ex- 
periment on  the  other  nostril.  There  was 
a  very  obvious  difference  in  the  effects 
produced  by  the  ammonia  on  the  two  sides 
of  her  nose.  She  told  us  she  could  smell 
the  ammonia  on  both  sides  ;  but  still  she 
could  not  bear  to  hold  the  bottle  contain- 
ing the  ammonia  so  long  at  the  right  nos- 
tril as  we  observed  that  she  could  at  her 
left.  When  the  bottle  was  placed  under 
the  right  nostril,  its  pungency  affected  her 
almost  immediately,  so  much  that  she  could 
not  bear  it ;  on  the  other  hand,  she  allowed 
it  to  remain  for  a  considerable  time  under 
the  left  nostril,  and  even  snuffed  it  up 
strongly  before  she  was  inclined  to  remove 
it.  During  these  experiments  we  observed 
that  the  right  eye  became  suffused  with 
tears,  the  left  eye,  on  the  contrary,  appeared 
to  be  dry  in  its  surface. 
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In  order  to  ascertain  further  to  what  de- 
gree her  sense  of  smelling  was  affected,  we 
tried  the  effect  of  some  substances  which 
possess  odour  without  pungency.  On  ap- 
plying oil  of  anise-seed  to  her  left  nostril, 
while  the  righjt  one  was  shut,  she  inhaled  it 
powerfully,  but  was  sensible  of  no  smell. 
Then  a  piece  of  assafoetida  was  tried,  but 
still  she  had  no  kind  of  sensation,  either 
pleasant  or  the  reverse.  She  was  sensible 
to  these  odours  on  her  right  nostril. 

The  state  of  her  mouth  was  examined  ; 
with  the  point  of  a  pencil  we  pressed 
against  the  upper  gums,  on  the  left  side  of 
her  mouth,  and  the  inside  of  her  cheek, 
where  it  is  reflected  off  the  gums,  and  she 
appeared  to  have  either  very  slight  or 
no  sensation  at  all.  She  volunteered  to 
put  a   spoonful  of  mustard   between  her 
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gums  and  her  cheek ;  and  she  seemed  very 
little  incommoded  by  such  an  experiment. 
The  sensibility  of  the  other  parts  of  her 
mouth  was  natural. 

The  circumstances  of  this  case  make  it 
difficult  to  determine  exactly,  where  the 
disease  is  seated,  which  thus  produces  the 
destruction  of  the  optic  nerve,  the  third 
and  fourth  nerve,  the  first  and  second  divi- 
sions of  the  fifth  nerve,  and  the  sixth  nerve. 
Among  these  nerves  we  might  add  the 
olfactory  nerve;  but  it  may  be  made  a  ques- 
tion whether  the  function  of  that  nerve  is 
directly  or  indirectly  affected :  the  issue  of 
the  case  will  probably  determine  this  mat- 
ter. However,  from  the  condition  of  the 
parts  without  the  orbit,  we  observe,  that 
the  power  of  closing  the  eyelid,  and  of 
winking,  is  retained,  when  the  power  of 
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raising  the  eyelid'  is  gone,  and  the  sensi- 
bility of  the  eyelids,  and  of  the  eye  itself, 
is  completely  lost.  It  is  the  portio  dura 
which  is  distributed  to  the  orbicular  muscle 
of  the  eyelid,  and  bestows  the  power  of 
winking.  We  see  likewise  that  she  can 
inhale  powerfully,  and  can  perfectly  move 
the  muscles  belonging  to  the  nostril  and 
upper  lip  of  the  left  side,  when  at  the  same 
time  the  skin  which  covers  these  parts  is 
insensible.  Still  that  power  belongs  to  the 
portio  dura.  This  nerve,  passing  to  the  face 
by  a  circuitous  way,  and  being  therefore  un- 
injured by  pressure  within  the  orbit,  permits 
her  to  move  the  left  nostril  and  the  side  of 
her  mouth  in  a  natural  correspondence  with 
the  other  side  of  her  face,  although  both 
the  first  and  second  divisions  of  the  fifth 
nerve  are  included  in  the  disease,  and  are 
destroyed  along  with  the  first,  second,  third, 
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fourth,  and  sixth  nerves. — From  the  unpub- 
lished Reports  of  the  Middlesex  Hospital. 


I  hope  I  have  now  unravelled  the  intri- 
cacy of  the  nerves  of  the  head,  and  have 
correctly  assigned  to  each  nerve  its  proper 
office.  In  our  books  of  anatomy,  the 
nerves  are  numbered  according  to  the  me- 
thod of  Willis,  an  arrangement  which  was 
made  in  ignorance  of  the  distinct  functions 
of  the  nerves,  and  merely  in  correspondence 
with  the  order  of  succession  in  which  they 
appear  on  raising  the  brain. 

The  first  nerve  is  provided  with  a  sensi- 
bility to  effluvia,  and  is  properly  called 
olfactory  nerve. 
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The  second  is  the  optic  nerve,  and  all  im- 
pressions upon  it  excite  only  sensations  of 
light. 

The  third  nerve  goes  to  the  muscles  of 
the  eye  solely,  and  is  a  voluntary  nerve  by 
v^hich  the  eye  is  directed  to  objects. 

The  fourth  nerve  performs  the  insensible 
traversing  motions  of  the  eyeball.  It  com- 
bines the  motions  of  the  eyeball  and  eye- 
lids, and  connects  the  eye  with  the  respi- 
ratory system. 

The  fifth  is  the  universal  nerve  of  sens- 
ation to  the  head  and  face,  to  the  skin,  to 
the  surfaces  of  the  eye,  the  cavities  of  the 
nose,  the  mouth  and  tongue.  * 

*  In  this  view  of  the  fifth  nerve,  I  have  not  touched 
upon  its  resemblance  to  the  spinal  nerves.  But  if  we 
had  ascended  from  the  consideration  of  the  spinal  nerves 
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The  sixth  nerve  is  a  muscular  and  volun- 
tary nerve  of  the  eye. 

The  seventh  is  the  auditory  nerve,  and 
the  division  of  it,  called  portio  dura^  is  the 
motor  nerve  of  the  face  and  eyelids,  and 
the  respiratory  nerve,  and  that  on  which 
the  expression  of  the  face  depends. 

The  eighth,  and  the  accessory  nerve,  are 
respiratory  nerves* 

The  ninth  nerve  is  the  motor  of  the 
tongue. 

to  the  nerves  of  the  head,  we  should  then  have  seen  that 
the  fifth  was  the  spinal  nerve  of  the  head ;  that  it  had  a 
ganglion  at  its  root,  a  double  origin,  and  from  its  power 
over  the  muscles  of  the  jaws  and  mastication,  that  it  was 
a  double  nerve  in  function,  being  that  nerve  which  be- 
stows sensibility,  at  the  same  time  that  it  sends  branches 
to  the  original  muscles ;  that  is  to  say,  to  that  class  of 
muscles  which  are  common  to  animals  in  every  gradation. 
In  all  these  respects  it  resembles  the  spinal  nerves. 
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The  tenth  is  the  first  of  the  spinal  nerves  ; 
it  has  a  double  root  and  a  double  office  ;  it 
is  both  a  muscular  and  a  sensitive  nerve. 
It  supplies  the  integuments  and  front  of 
the  head,  to  which  the  branches  of  the  fifth 
do  not  extend. 

Had  I  taken  the  nerves  of  any  other 
complex  organ  rather  than  of  the  eye,  I 
should  have  had  an  easier  task.  If  I  had 
taken  the  nerves  of  the  tongue,  I  should 
have  been  able  to  prove  by  experiment,  and 
in  a  manner  the  most  direct,  that  the  three 
nerves  belong  to  three  distinct  functions^ 
and  stand  related  to  three  different  classes 
of  parts.  I  could  have  shown  that  taste 
and  sensibility  belong  to  the  office  of  the 
fifth  nerve,  voluntary  motion  to  the  ninth, 
and  deglutition  to  the  glosso-pharyngeal 
nerve  of  the  tongue. 
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In  concluding  these  papers,  I  hope  I  may 
be  permitted  to  offer  a  few  words  in  favour 
of  anatomy,  as  better  adapted  for  discovery 
than  experiment.  The  question  hes  be- 
tween observation  and  experiment,  and  it 
may  be  illustrated  by  astronomy  and  che- 
mistry. In  the  first,  the  objects  being  be- 
yond our  influence,  we  make  observations, 
not  experiments  ;  and  the  science  at  length 
attains  a  state  of  perfection  which  raises  our 
estimate  of  the  human  intellect.  In  the 
latter,  for  the  most  part,  the  subjects  lie 
out  of  the  sphere  of  mutual  influence ;  they 
must  be  brought  together  by  artifice,  and 
chemistry  becomes  a  science  of  experiment. 
But  anatomy  is  more  allied  to  the  former 
than  to  the  latter  science,  inasmuch  as 
things  are  obvious  to  the  eyes.  In  the 
animal  body  the  parts  present  distinct  tex- 
tures, and  are  laid  in  a  natural  and  per- 
fect order ;  it   is  necessary  only  to   trace 
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the  tubes,  or  to  observe  the  symmetrical 
order  of  the  nervous  cords,  in  order  to 
discover  their  respective  uses:  the  motions, 
w^hether  of  the  solid  or  fluid  parts,  are  so 
regular  and  uniform,  that  the  whole  offers 
a  subject  for  observation  and  induction. 
Anatomy  Js  already  looked  upon  with  pre- 
judice by  the  thoughtless  and  ignorant:  let 
not  its  professors  unnecessarily  incur  the 
censures  of  the  humane.  Experiments 
have  never  been  the  means  of  discovery  ; 
and  a  survey  of  what  has  been  attempted  of 
late  years  in  physiology,  will  prove  that  the 
opening  of  living  animals  has  done  more  to 
perpetuate  error,  than  to  confirm  the  just 
views  taken  from  the  study  of  anatomy  and 
natural  motions. 

In  a  foreign  review  of  my  former  papers, 
the  results  have  been  considered  as  a  far- 
ther proof  in  favour  of  experiments.    They 
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are,  on  the  contrary,  deductions  from  ana- 
tomy ;  and  I  have  had  recourse  to  experi- 
ments, not  to  form  my  own  opinions,  but 
to  impress  them  upon  others.  It  must  be 
my  apology,  that  my  utmost  efforts  of  per- 
suasion were  lost,  while  I  urged  my  state- 
ment on  the  grounds  of  anatomy.  I  have 
made  few  experiments;  they  have  been 
simple,  and  easily  performed  ;  and  I  hope 
are  decisive. 

If  we  turn  to  the  opinions  which  have 
been  entertained  on  the  subject  of  the  brain 
and  nerves,  we  find  one  theory  to  have 
prevailed  from  the  Greek  authors  to  the 
time  of  Willis,  and  to  have  descended 
from  him,  with  little  alteration,  to  modern 
writers.  The  brain  has  been  supposed  to 
secrete  and  supply  a  nervous  fluid,  and  the 
nerves  to  be  the  conduit  pipes  for  its 
conveyance.     In  every  age  the  brain  has 
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been  considered  a  common  sensorium,  and 
all  the  nerves  to  be  capable  of  conveying 
sensation,  unless  when  they  had  ganglia. 
If  ganglia  intervened,  then  the  nerves  were 
said  to  be  cut  off  from  the  brain  ;  and  those 
so  distinguished  were  called  vital  nerves, 
neither  serving  the  purpose  of  governing 
the  muscles,  nor  of  conveying  sensation. 
With  all  this  apparent  simplicity  of  doc- 
trine, there  never  has  been  presented  such 
a  crude  heap  of  errors,  in  the  history  of 
any  department  of  science. 

These  notions  were  obviously  founded  on 
the  mistake,  that  the  same  nerve  served 
different  purposes,  and  that  a  fluid  moved 
in  the  same  tube  outwards  to  stimulate  the 
muscles,  and  inwards  to  convey  sensation 
of  external  impressions.  So  inconsistent 
are  those  opinions  with  the  structure  of  the 
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frame,  that  the  simplest  dissection  proves 
them  false. 


So  far  is  it  from  being  true  that  ganglia 
cut  off  sensation,  that  I  have  ascertained, 
and  proved  by  experiment,  that  all  the 
nerves,  without  a  single  exception,  which 
bestow  sensibility  from  the  top  of  the  head 
to  the  toe,  have  ganglia  on  their  roots ;  and 
those  which  have  no  gangha  are  not  nerves 
of  sensation,  but  are  for  the  purpose  of 
ordering  the  muscular  frame. 

The  hypothesis,  that  the  nervous  fluid 
streams  out  from  the  great  ofRcina  along 
the  nerves,  has  had  an  unfortunate  influ- 
ence in  directing  the  labours  of  the  experi- 
mentahsts.  During  the  last  age  it  kept  the 
pupils  of  Haller  engaged  in  inquiries  re- 
garding the  influence  of  the  nerves  :  de  nu- 
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tritione  imprimis  nervosa :  and  de  nervorum 
in  arterias  impeiio  ;  and  the  interest  of  this 
question  has  not  subsided,  but,  on  the  con- 
trary, has  increased  among  us. 

This  notion  of  a  fluid  moving  backwards 
and  forwards  in  the  tubes  of  the  nerves, 
equally  adapted  to  produce  motion  and 
sensation,  has  perpetuated  the  error,  that 
the  different  nerves  of  sensation  are  appro- 
priated to  their  offices  by  the  texture  of 
their  extremities,  ^'  that  there  exists  a  cer- 
tain relation  between  the  softness  of  the 
nervous  extremities,  and  the  nature  of  the 
bodies  which  produce  an  impression  on 
them."  On  the  contrary,  every  nerve  of 
sense  is  limited  in  its  exercise,  and  can  mi- 
nister to  certain  perceptions  only.  What- 
ever may  be  the  nature  of  the  impulse 
communicated  to  a  nerve,  pressure,  vibra- 
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tion,  heat,  electricity,  the  perception  ex- 
cited in  the  mind  will  have  reference  to  the 
organ  exercised,  not  to  the  impression  made 
upon  it.  Fire  will  not  give  the  sensation 
of  heat  to  any  nerve  but  that  appropriated 
to  the  surface.  However  delicate  the  retina 
be,  it  does  not  feel  like  the  skin.  The 
point  which  pricks  the  skin  being  thrust 
against  the  retina,  will  cause  a  spark  of  fire 
or  a  flash  of  light.  The  tongue  enjoys  two 
senses,  touch,  and  taste ;  but  by  selecting 
the  extremity  of  a  particular  nerve,  or  what 
is  the  same  thing,  a  particular  papilla,  we 
can  exercise  either  the  one  or  the  other 
sense  separately.  If  we  press  a  needle 
against  a  nerve  of  touch,  we  shall  feel  the 
sharpness,  and  know  the  part  of  the  tongue 
in  contact  with  the  point ;  but  if  we  touch 
a  nerve  of  taste,  we  shall  have  no  percep- 
tion of  form  or  of  place,  we  shall  experience 
a  metallic  taste. 
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The  innovations  of  the  celebrated  con- 
tinental authority  Bichat,  did  not  bring  us 
a  step  nearer  the  truth.  When  he  at  once 
threw  off  respect  for  his  contemporaries,  and 
for  the  authority  of  those  who  had  preceded 
him,  he  equally  disregarded  the  facts  of  ana- 
tomy. There  may  be  merit  in  taking  new 
views  of  a  subject,  but  Bichat  was  conti- 
nually holding  a  thing  up  by  the  wrong 
end,  and  presenting  it  in  an  aspect  so  sin- 
gular, as  to  puzzle  any  one  to  say  whether  or 
not  it  was  that  with  which  he  had  been  long 
familiar ;  accordingly,what  had  been  termed 
the  sympathetic  system  of  nerves,  he  called 
the  ganglionic  system ;  although  they  are 
not  more  distinguishable  by  ganglia  than 
the  other  nerves,  upon  which,  indeed,  the 
ganglia  are  remarkable  for  their  size,  num- 
ber, and  regularity.  These  ganglia  must 
not  be  thrown  out  of  the  system  altogether, 
merely  because  they  are  contained  within 
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the  skull  and  vertebrae,  which  circumstance 
should  rather  mark  their  importance. 

BiCHAT  persuaded  himself  that  his  gan- 
glionic system  was  isolated,  and  a  thing  by 
itself;  when,  on  the  contrary,  the  connec- 
tions of  this  part  of  the  nervous  system  are 
universal.  The  wide-spreading  fifth  pair, 
and  the  thirty  spinal  nerves,  give  large  and 
conspicuous  roots  to  this  system.  It  exhi- 
bits a  tissue  extending  universally. 

It  was  a  still  more  unfortunate  mistake 
of  this  ingenious  physiologist,  to  suppose 
the  sympathetic  nerve  to  be  the  same  with 
that,  which  in  the  lower  animals  (the 
vermes)  is  seen  coursing  from  one  ex- 
tremity of  the  body  to  the  other.  In  the 
leech,  or  worm,  those  nerves  produce  union 
and  concatenation  of  all  the  voluntary  mo- 
tions,   and  bestow  sensibility   as   well   as 
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motion ;  yet  he  saw  in  the  sympathetic 
system  of  the  human  body,  only  the  deve- 
lopment of  the  same  system  of  nerves, 
although  he  was  aware  that  in  man  the 
sympathetic  nerve  bestowed  neither  sensi- 
bility nor  the  power  of  motion. 

BiCHAT  announced  his  system  with  a  po- 
pular eloquence,  which  had  a  very  remark- 
able influence  over  all  Europe.  Physiolo- 
gists yielding  to  him,  mistook  the  import- 
ance of  the  several  parts  of  the  nervous 
system  ^  and  even  the  multiplied  experi- 
ments of  Le  Gallois  failed  to  convince 
them  of  the  nature  of  the  spinal  marrow. 

The  experiments  of  M.  Le  Gallois  were 
of  the  rudest  kind  possible.  The  spinal 
marrow  was  cut  across,  or  destroyed,  by 
passing  skewers  into  the  spinal  canal,  and 
the  effects  were  observed ;  as  if  the  spinal 

cc 
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marrow  were  a  simple  body.  Whereas,  by 
such  destruction  of  its  substance,  the  ori- 
ginal ganglia,  which  form  a  series  along  the 
spine,  must  have  been  hurt;  the  track  of 
nervous  matter  which  gives  rise  to  the 
nerves  of  sensation ;  that  also  which  gives 
roots  to  the  nerves  of  voluntary  motion ; 
and  the  lateral  column  connected  with  the 
offices  of  respiration,  must  all  have  been 
destroyed  by  such  coarse  experiments.  It 
cannot  surprise  us  that  the  results  were  ob- 
scure and  contradictory. 

But  the  most  extravagant  departure  from 
all  the  legitimate  modes  of  reasoning,  al- 
though still  under  the  colour  of  anatomical 
investigation,  is  the  system  of  Dr.  Gall. 
It  is  sufficient  to  say,  that  without  compre- 
hending the  grand  divisions  of  the  nervous 
system,  without  a  notion  of  the  distinct 
properties  of  the  individual  nerves,  or  hav- 
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ing  made  any  distinction  of  the  columns  of 
the  spinal  marrow,  without  even  having 
ascertained  the  difference  of  cerebrum  and 
cerebellum.  Gall  proceeded  to  describe 
the  brain  as  composed  of  many  particular 
and  independent  organs,  and  to  as^sign  to 
each  the  residence  of  some  special  faculty. 

When  the  popularity  of  these  doctrines 
is  considered,  it  may  easily  be  conceived 
bow  difficult  it  has  been,  during  their  suc- 
cessive importations,  to  keep  my  pupils  to 
the  examples  of  our  own  great  countrymen. 
Surely  it  is  time  that  the  schools  of  this 
kingdom  should  be  distinguished  from  those 
of  France.  Let  physiologists  of  that  coun- 
try borrow  from  us,  and  follow  up  our 
opinions  by  experiments  * ;  but  let  us 
continue  to  build  that  structure  which  has 

*  See  the  experiments  of  M.  Magendie  on  the  dis- 
tinctions in  the  roots  of  the  spinal  nerves. 

c  c  2 
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been   commenced   in    the   labours   of  the 
MoNROS  and  Hunters.  * 

*  While  printing  the  last  sheets  of  the  present 
edition  of  these  papers,  I  took  up  Mr.  Hunter's  work 
on  the  Animal  Economy,  to  consult  him  on  the  distri- 
bution of  the  nerves  to  the  nose.  I  was  as  much  sur- 
prised with  the  following  passage  as  if  I  had  never 
before  read  it.  This  work  of  Mr.  Hunter  was  my 
earliest  acquisition  as  a  medical  student,  and  often 
perused  with  deep  interest;  I  believe  I  might  trace 
back  the  course  of  my  reflections  to  it,  although  for 
twenty  years  it  never  occurred  to  me  that  I  was  in- 
debted to  Mr.  Hunter.  I  have  often  hung  over  the 
plates  of  Monro,  certain  that  there  was  an  arrangement 
to  be  discovered  which  would  explain  the  seeming- 
confusion  of  the  nervous  system,  but  I  was  not  so  sen- 
sible of  what  I  owed  to  Mr.  Hunter.  I  am  happy  that 
I  fell  so  opportunely  on  this  passage,  and  inexpressibly 
gratified  to  find  a  support  of  some  of  my  opinions  in 
such  authority  :  — 

"  The  nerves  being  in  themselves,  perhaps,  the  most 
difficult  parts  of  an  animal  body  to  dissect,  becomes  a 
reason  why  we  are  still  unacquainted  with  many  of  their 
minuter  ramifications :  yet,  if  a  knowledge  of  these, 
together  with  that  of  their  origin,  union,  and  re-union, 
is  at  all  connected  with  their  physiology,  the  more  ac- 
curately they  are  investigated,   the  more  perfectly  will 
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The  whole  history  of  medical  literature 
proves,  that  no  solid  or  permanent  advan- 
tage is  to  be  gained,  either  to  medical  or 


the  functions  of  the  nerves  be  understood.  I  have  no 
doubt,  if  their  physiology  was  sufficiently  known,  -but 
we  should  find  the  distribution  and  complication  of 
nerves  so  immediately  connected  with  their  particular 
uses,  as  readily  to  explain  many  of  those  peculiarities 
for  which  it  is  now  so  difficult  to  account.  What  na- 
turally leads  to  this  opinion  is,  the  origins  and  number 
of  nerves  being  constantly  the  same ;  and  particular 
nerves  being  invariably  destined  for  particular  parts. 
The  fourth  and  sixth  pair  of  nerves  are  remarkable  in- 
stances of  this  ;  and  we  may  reasonably  conclude,  that 
every  part  has  its  particular  branch  allotted  to  it ;  and 
that  however  complicated  the  distribution  may  be,  the 
complication  is  always  regular.  There  are  some  nerves 
which  have  a  peculiarity  in  their  course,  as  the  recurrent 
and  chorda  tympani ;  and  others  which  are  appropriated 
to  particular  sensations,  as  those  which  go  to  four  of  the 
organs  of  sense,  seeing,  hearing,  smelling,  and  tasting; 
and  some  parts  of  the  body  having  peculiar  sensations 
(as  the  stomach  and  penis),  we  may,  without  impro- 
priety, include  the  fifth,  or  sense  of  feeling.  This 
general  uniformity,  in  course,  connection,  and  distribu- 
tion, will   lead   us  to  suppose  that  there  may  be  some 
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general  science,  by  physiological  experi- 
ments unconnected  with  anatomy.  To  dis- 
regard the  anatomy  of  the  nervous  system, 


other  purpose  to  be  answered  more  than  mere  mechani- 
cal convenience.  For  many  variations  have  been  de- 
scribed in  the  dissections  of  nerves,  which  I  beheve  to 
have  arisen  from  the  blunders  of  the  anatomist,  rather 
than  from  any  irregularity  in  their  number,  niode  of 
ramifying,  course,  distribution,  or  connection  *  with 
each  other.  We  observe  no  such  uniformity  in  vessels 
carrying  fluids ;  but  find  particular  purposes  answered 
by  varying  their  origin  and  distribution  :  the  pulmonary 
artery  answers  a  very  different  purpose  in  the  circula- 
tion of  the  blood,  from  that  of  the  aorta ;  yet  both  arise 
from  the  same  source,  the  heart.  The  course  of  the 
arteries  is  such  as  will  convey  the  blood  most  conveni- 
ently, and,  therefore,  not  so  necessary  it  should  be  uni- 
form ;  it  not  being  very  material  to  a  part  by  what 
channel  the  blood  is  conveyed;  though,  in  particular 


*  "  Here  it  is  to  be  understood  I  do  not  mean  lateral  connec- 
tion ;  such  as  two  branches  uniting  into  one  chord  and  then  dividing; 
or  a  branch  going  to  a  part,  either  single  or  double,  for  still  it  is  the 
same  nerve;  or  whether  a  branch  unites  with  another  a  little  sooner 
or  a  little  later,  for  still  it  is  the  same  branch.  Such  eiFects  may 
arise  more  from  a  variety  in  the  shape  of  the  bodies  they  belong  to, 
than  any  variety  in  the  nerves  themselves." 
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or  to  take  it  in  the  gross  ;  to  make  a  new 
science  of  life,  and,  influenced  by  a  false 
analogy,  to  call  it  a  fluid ;  to  attempt  to  di- 
rect it  along  a  cord  or  a  wire,  is  to  transgress 


instances,  certain  purposes  may  be  answered  by  a  pecu- 
liarity in  origin  and  distribution,  as  happens  in  the 
testicle  of  quadrupeds.  This  observation  respecting 
arteries  is  likewise  applicable  to  veins,  and  still  more  to 
the  absorbent  vessels,  in  which  last  regularity  is  even 
less  essential  than  in  the  veins.  Whoever,  therefore, 
discovers  a  new  artery,  vein,  or  lymphatic,  adds  little  to 
the  stock  of  physiological  knowledge ;  but  he  who  dis- 
covers a  new  nerve,  or  furnishes  a  more  accurate  de- 
scription of  the  distribution  of  those  already  known, 
affords  us  information  in  those  points  which  are  most 
likely  to  lead  to  an  accurate  knowledge  of  the  nervous 
system :  for  if  we  consider  how  various  are  the  origins 
of  the  nerves,  although  all  arising  from  the  brain,  and 
how  different  the  circumstances  attending  them,  we  must 
suppose  a  variety  of  uses  to  arise  out  of  this  peculiar 
structure.  Indeed,  if  we  reflect  on  the  actions  arising 
immediately  from  the  will,  and  affections  of  the  mind, 
we  must  see  that  the  origin,  connection,  and  distribution 
of  the  nerves  must  be  exact,  as  there  are  parts  whose 
actions  immediately  depend  upon  such  circumstances." 
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all  the  rules  of  philosophical  enquiry,  and 
must  be  attended  with  the  rapid  decline  of 
anatomical  studies.  They  will  be  consi- 
dered as  imposing  restraints  on  genius,  or 
be  rejected  as  useless ;  and  with  them  pa- 
thology, and  all  that  is  most  necessary  to 
medical  science    will  fall  into  disuse. 


THE  END. 


London : 

Printed  by  A.  &  R.  SpottisAVoode, 
New-  Street-Square. 
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